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METHOD OF LOCATING LEAKS IN WATER MAINS. 
BY F. J. HOXIE. 
[Read September 11, 1913.] 


The Inspection Department of the Factory Mutual Insurance 
Companies has occasionally been requested to assist members in 
the location of leaks in their underground fire service systems. A 
job of this sort was assigned to me some years ago, and after ex- 
hausting the possibilities of aquaphones and other acoustic devices 
the following alkaline solution method was developed and suc- 
cessfully applied, locating the leak within six feet in a congested 
yard where to have dug up any considerable part of the pipe 
would have seriously interfered with the operation of the mill. 
Since then several engineers connected with the Inspection De- 
partment have successfully used the method in locating leaks in 
large, complicated yard pipe systems after the resources of the 
mill have been exhausted without success. In one case one of 
our engineers assisted the superintendent of a public water works 
in locating a bad leak in a paved street where it was thought 
that the whole street would have to be dug up. 

Caustic soda was selected in preference to many other possible 
materials for several reasons. It gives a very sharp indication, is 
not particularly poisonous, and in the dilute solutions required 
has no objectionable color, taste, or smell and does no damage to 
pipes, gates, or fittings. Carbonate of soda, that is, washing soda, 
or soda ash, will work equally well. The method can be used on 
public systems by taking the precaution to shut off domestic 
connection while the measurements are being made, and flushing 
the pipes afterward as explained. 
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After locating the leak within reasonable limits by use of section 
valves and meters its magnitude should be determined by placing 
a small meter around a closed valve. 

No pipe system with much underground pipe can be expected 
to be absolutely tight. Several careful estimates have been made 
on well-laid new pipe. About three gallons per day per foot of 
lead joint is probably a fair average, or approximately 600 gallons 
per day per 1 000 feet of pipe of sizes commonly found in yard 
pipe systems, that is, 6 in., 8 in., and 10 in., with an average num- 
ber of fittings. 


— — — 200% —— — — — 


| 
Bir 42 100% —— 200% 
533 
8 
8 
Fig. 1. 


Contents of pipe between A and B=110 x 4.08 = 449 gal. 

Contents of pipe between B and C =200 x 2.62 =524 gal. 
C and E=100 x 1.47 =147 gal. 

Eand D=2006 x 1.47 =294 gal. 

Contents of pipe between C and D =300 x 1.47 = 441 gal. 


Fittings such as check valves, post valves, or drip valves where 
leaks could occur should be carefully examined. Not infrequently 
it has been found that a considerable leak was from a poorly 
packed valve spindle or an imperfectly seated check valve. Some- 
times sprinkler drip valves discharge into sewers in such a manner 
that a small stream of water may trickle through unobserved. 
Leaks in hydrants are not uncommon. It must be remembered 
that a half dozen insignificant leaks flowing for twenty-four hours 
a day may add up to a large amount in the course of a year. 

After determining the amount of the leak and its approximate 
location by use of section valves, the following will be found 
useful in locating the leak without digging up all the pipe. 

The letters refer to Fig. 1, representing a typical example. 
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Alkali is introduced into the piping as near as possible to the 
source of supply. This point is marked ‘“‘ A” on the sketch. 

}-in. or 3-in. hole is tapped in the pipe by use of a pipe tapping 
machine such as is commonly used by the public water works. 

To the corporation cock at “‘ A,” which is left in the pipe after 
it is tapped, a 3-in. nipple about 18 in. long is attached with a 
reducing coupling and nipple at the lower end and a 3-in. valve 
at the upper end to prevent the water from flowing out. When 
in place the corporation cock is opened a small amount and the 


.3-in. nipple allowed to fill with water. Then two or three pounds 


of solid caustic soda or potash is placed in this 3-in. nipple, the 
valve closed, and the corporation cock opened so that the caustic 
solution can diffuse into the pipe. The time that the corporation 
cock is opened is noted. 

If a pump is used for supplying the pressure, great care must 
be taken that the valve from the primary supply is tight, and that 
a steady pressure higher than the primary water supply is main- 
tained, otherwise the air in the sprinkler system will cause false in- 
dication. Tank or public water of uniform pressure is much easier 
to manipulate. It is essential, of course, that no water be taken 
from the system except for measurement while the experiment is 
going on. 

After the alkali has been in the pipe long enough to have arrived 
at “‘B,” being carried by the leak of 10 gal. per minute, that is, 
449 gal. divided by 10 gal. equals 44.9 minutes, a few spoonfuls 
of water are drawn from the cock at ‘‘B” in a pail containing a 
half teaspoonful of the phenolphthalein indicator. If the red 
color appears, this shows that all the leak is beyond. If the color 
should not appear, samples should be tested at minute intervals 
for fifteen or twenty minutes. If a test is finally obtained, there 
are probably two or more leaks, part between “A” and “B” 
and part beyond. At the time calculated for the alkali to appear 
at ‘‘C,” tests as above should be repeated at “C.” Then at 
“TD,” when it is found after waiting ten or fifteen minutes that 
the alkali has not appeared at “ D,” a meter should be attached 
here, read, and the water drawn off until a test is obtained. As | 
soon as red color appears in the pail, the flow should be stopped. 
and the meter read. The difference in the readings represents 
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the contents of the pipe between ‘‘ D ” and “ E,” or in the ex- 
ample, 294 gal. This divided by 1.47, the capacity of the pipe 
in gallons per foot, gives 200 ft., or the distance back along the 
pipe from “ D ” to “ E.” 

After completing the test, the hydrant at ‘““D”’ should be 
opened and the caustic carefully washed out of the pipes. 

Af the pipe is level or slants towards “ D,” a point nearer “ D ” 
will probably be indicated, as the caustic solution is heavier than 
water and tends to flow downward under the water. 

With a pipe sloping downward from the source of water to the 
leak, the indications will be unreliable. With one sloping upward, 
they will be accurate within the limits of the conditions of the 
experiment. Very frequently there is not one single leak but 
several, in which case find first the leak nearest “D.” After 
this is stopped, repeat the experiment, finding that next further 
away and so on until all are found. 

The phenolphthalein solution is formed by dissolving the dry 
powder, which may be purchased at any chemical supply store, 
in the proportion of $ ounce in a pint of wood alcohol. 

This method will not be found of much service for single leaks 
of less than one or two gallons per minute. 

Hydrants and calibrated nozzles can be used instead of corpora- 
tion cocks and meter for preliminary or approximate determina- 
tions. The results are not as accurate, however, and leaky hy- 


drant drips may give trouble. 


Capacity OF PIPEs. 


ConTENTs OF Pipes PER Foot or LENGTH. 
Pipe. 


| 
| 


nehes. 

U. S. Gallons. | Cubic Feet. 
| 

4 65 | .087 
6 1.47 .196 
8 2.62 | 1349 
10 | 4.08 545 
12 | 5.87 | 785 
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If water is used from the pipes for drinking, caustic should be 
used with caution, all drinking connections being shut while the 
test is being made, and the pipes carefully flushed before they 
are opened. 

Several useful modifications suggested by Mr. C. W. Mowry, 
M. E., of the Inspection Department, who has had much experi- 
ence in the use of the method, have been embodied in the above. 


DISCUSSION. 


Mr. ALLEN Hazen.* Mr. President, — The method is cer- 
tainly an interesting and promising one. It would seem that in 
following it out the fact that the flow of water is not uniform 
through the section of the pipe would be a matter that would have 
to be taken into account. The flow in the center of the pipe 
is always more rapid than it is along the sides, and there is a 
great deal of mixing. We know from many experiments that 
coloring matter or any chemical solution will appear at the end 
of a pipe before anything like a hundred per cent. of the water in 
it has been displaced. 

Mr. R. C. P. Mr. President, — The process 
that Mr. Hoxie suggests might be admirable in our large mill 
yards where the water in the hydrant and sprinkler system remains 
dormant, and yet perhaps it might not work in a city supply. 
How is that, Mr. Hoxie? 

Mr. Hoxie. It would be absolutely necessary to shut off all 
flow except that from the leak. 

Mr. GeorcE A. Sracy.t I have had a few leaks to locate. 
I had one on a broken 16-in. main when there was three feet of 
frost in the ground. It was on a level place and the street was 
flooded with two to six inches of water by the time we got the water 
shut off. We tried to locate the break by walking along on top of 
the trench over the pipe expecting to find a hole, but we did not 
find anything on the surface. This was quite a mystery until I 
found a culvert that. extended across the street perhaps 40 ft. 
on one side of the pipe line and 25 or 30 the other, and only a 


* Civil Engineer, New York City. 
+ Superintendent Water Works, New Bedford, Mass. 
tSuperintendent Water Works, Marlboro, Mass. 
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few inches deep, being nearly filled up. The water escaped along 
the pipe line to the culvert and was forced up through the grating. 
It seemed a tough problem at first to locate the leak. It was 
evident that it was either one side or the other of the culvert; how 
far away I did not know. So I sent for men and drills and we 
drilled down through the frost a certain distance from the culvert, 
and when we struck dry ground we tried at the same distance the 
other side, and we kept dividing up the distance between the last 
hole and the culvert until we found it, after about one hour and 
a half’s work. 

The smaller leaks of course are those that stump us the most to 
find, and any method that will make that easy for us, so that we 
can make a better account of the water delivered, will be of great 
benefit to all. There is no particular investigation that I have 
made. I feel as though we are full as good as the average, and 
that the results would not pay for any large expense in looking 
for leaks. Our ground is about all hard pan, and the few brook 
crossings are always open for inspection. 

Mr. Hawtey.* Mr. President, — Mr. Stacy’s remarks remind 
me of an experience I had some years ago where we found that 
there was a leak in a crossing under a good-sized stream at a time 
when there was a considerable flow of roily water in that stream. 
It was necessary to build a cofferdam, but we did not know 
where the pipe was broken. So we put a corporation cock in the 
main, and got a bottle of ordinary washing bluing and put that in, 
and then turned on the water. It didn’t take very long to find 
where the leak was out in the stream through the change of color 
when the bluing came out of the hole in the pipe. _ 

Mr. Patrick Gear.{ Before the Holyoke water works became 
a municipal department it was owned by a private corporation, 
which had cement mains going through some of the streets; but 
since the municipal department got hold of it they abandoned 
those cement pipes, but all the connections from them going into 
the different buildings were left in the ground. One consumer 
thought he would increase the amount of the water he was getting 
in his building by hitching on to one of these abandoned services; 


* Chief engineer, Pennsylvania Water Company, Wilkinsburg, Pa, 
Superintendent Water Works, Holyoke, Mass. 
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instead of increasing the supply, the water simply ran back into 
the old main and showed up on the street. It would come up 
in John Jones’ cellar to-day, and we would dig around there 
for two or three days, weather down below zero, until we would 
strike the old pipe, which we would plug up and wait for 
developments the next day. Now, in plugging up that pipe and 
trying to find that leak it occurred to me that the engineers of the 
water departments of the country, while they can overcome big 
problems, cannot get as near as the engineers in the telephone 
system. 

Last year I broke a telephone wire, and one of the repair gang 
went up the pole and telephoned to Springfield, twelve miles 
away. They told him he was still half a mile from the trouble, 
and he went along about that distance and found it. To be 
exact, it was just 2,800 ft. If when we have a break in a pipe and 
we go into the house and hear the noise in the pipe, the water- 
works engineer could find some way that would tell us how far 
away the break was, we would be all right. 

But coming back to the cement pipe that we had the trouble 
with; we were digging down there for a long time and Mr. Tighe 
suggested that we start at both ends of it. So we plugged the 
pipe and waited for developments. It would come up in John 
Smith’s cellar the next day, and we would go and plug that up; 
and we were at it until we had gone through the street and all the 
cross streets connected with it. Finally we located the connection 
in an old printing establishment where they wanted water for 
printing presses. 

We had a leak show up at the toe of an earthen dam that we 
built up there ten or fifteen years ago. There was some question 
whether it was in the pipe or in the dam. When we were building 
this dam we laid some 24-in. pipe through it, and we didn’t want 
to put concrete all round the pipe, — that was too much expense, — 
so we built a couple of piers under our pipe; and in the course of a 
few years the pipe cracked where those piers were. There was 
a nice leak there that we discovered by shutting the gates on 
both sides of it. We dug down 30 or 40 feet and put concrete 
under the pipes, and they are all right now. 

We have some canals in Holyoke; three or four of them run 
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through the city, and we have had to run pipes over them and 
under them, and duck them every way, and we have leaks in those 
canals once in a while. When you get three or four feet of ice in 
the canal, and your pressure gage in the office shows that you 
are losing water, you have to take the gang out and have them go 
to all those gates as they cross the canal and locate the trouble. 
Where it isn’t deep you have to have a man see if there is any 
bubbling in the water; and he will generally find it in the last one 
he tries. 

Mr. Hoxtr. Mr. Hazen’s remarks undoubtedly apply to pipes 
with considerable velocity of flow. With leaks of such magnitude 
a method such as that described would not often be required, as 
shown by the experiences just given by several gentlemen. The 
most troublesome leaks are those from 5 to 50 gallons per minute. 
This method has been successfully used by our engineers in locat- 
ing a dozen or more leaks within the last few years, showing that 
irregularities and velocity are of little importance within the range 
of its greatest usefulness. 
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THE CITY TUNNEL AND CONDUITS OF THE 
CATSKILL AQUEDUCT. 


BY WALTER E. SPEAR, DEPARTMENT ENGINEER, BOARD OF WATER 
SUPPLY, CITY OF NEW YORK. 


[Read September 11, 1913.] 


By reason of the peculiar topography of New York City and 
the extent to which the subsurface space in the older business and 
residential streets of Manhattan and Brooklyn boroughs is already 
occupied, the delivery of the new Catskill supply tp the great 
centers of population in these boroughs, as well as to the widely 
separated suburban sections of the city, presented a most unusual 
problem. Its solution made by the Board of Water Supply in the 
large pressure tunnel nearly 18 miles in length, which is being 
constructed in the bed rock through the heart of the city, is unique 
in waterworks construction. 

As this problem of distributing the Catskill supply was ap- 
proached, it was at once seen that the task of finding sufficient 
room in the older streets of the city for the number of 48-in. and 
66-in. mains necessary to carry 500 million gallons of water per 
day with a reasonable loss of head was quite impossible, and 
larger pipes could not be considered. The streets in which many 
of these trunk mains would necessarily have to be laid were already 
occupied by sewers, pipes, and ducts, including the large trunk 
mains of the present water-supply system, which in Manhattan 
Borough must to a large extent be reserved for the delivery of the 
Croton supply to the lower portions of the borough; the existing 
subways also interposed an effective barrier to the laying of large 
water mains, and the new subways were laid out in many of the 
streets in which it would be necessary to place the large conduits 
for the transportation of the Catskill supply. Aside from these 
physical difficulties and the great inconvenience and loss which the 
public would suffer from constructing these mains in the streets, 
the expense of delivering the Catskill supply in steel or cast-iron 
mains was found to be excessive, and another solution had to be 
found. 
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The brick-lined pressure tunnel, which was built twenty-five 
years ago as a part of the New Croton Aqueduct from Van Cort- 
landt Park to Amsterdam Avenue and 135th Street in Manhattan 
Borough, had already demonstrated the possibilities of deep rock 
tunnels for the transportation of water in the city, and the suc- 
cessful concrete-lined pressure tunnels more recently constructed 
outside of the city as a part of the Catskill Aqueduct, pointed the 
way to a solution of this problem of delivering the Catskill supply 
to New York City. It was readily demonstrated that such a 
tunnel, with frequent outlets, having a capacity equivalent to the 
full yield of the Catskill sources, could be carried deep in the bed 
rock under the city from the new Hill View reservoir in Yonkers, 
through the boroughs of The Bronx and Manhattan to the borough 
of Brooklyn, at half the expense of laying an equivalent number 
of cast-iron or steel mains, and that this tunnel was in every way 
superior to a system of pipes in the streets. 


DESCRIPTION OF TUNNEL. 


The general alignment and depth of the city tunnel, as the 
tunnel portion of the Catskill Aqueduct in the city is termed, is 
seen in Plate XVII. It may be noted that the line is located on the 
highest ground in the boroughs of The Bronx and Manhattan and 
crosses the East River at the southerly end of Manhattan Island 
to the downtown business section of Brooklyn, passing through 
many of the high-service districts and reaching the centers of 
population and the great business districts where the greatest 
consumption exists and the highest pressures must be maintained. 
The tunnel has a length within the city of 17.7 miles, and is en- 
tirely under public waterways, parks, and streets except for 1 027 
ft., or 1.1 per cent. of the total length, in which easements over 
private land had to be secured. All but four of the shafts are 
likewise located in parks or streets, so that but little real estate 
had to be acquired by the city for the project. The depth of the 
tunnel for fully half its length is seen in the profile to be about 200 
ft. below the surface, but in order to keep the tunnel in bed rock 
south of the Harlem River, on the lower east side of Manhattan 
Borough and in Brooklyn, the grade was fixed at greater depths, 
as will be later explained. Unlike the pressure tunnels previously 
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constructed, the city tunnel is to perform the functions of a trunk 
distribution main. It is not to be simply an aqueduct delivering 
its entire flow to some objective point, since this tunnel is to have 
waterway shafts at intervals of about three fourths of a mile, 
through which water in large volumes may be discharged directly 
into the distribution mains. 

Because of the draft from the tunnel through these shafts 
it is not necessary to provide for the entire tunnel a capacity 
equivalent to the full flow of the Catskill Aqueduct, and a success- 
ive reduction in size is accordingly made at several points in 
Manhattan Borough. The tunnel has a finished diameter of 15 ft. 
for the first 7.7 miles from Hill View reservoir as far as Shaft 10, 
in St. Nicholas Park, at 135th Street; 14 ft. for the next 5.0 miles 
to Shaft 17, in Bryant Park, at 41st Street; 13 ft. as far as Shaft 
18, at Broadway and 24th Street, a further distance of 0.9 mile; 
and 12 ft. for 2.0 miles further to a point near Orchard and Hester 
streets, 1500 ft. south of Shaft 20. Beyond this point the 
remainder of the main tunnel leading to the terminal shaft, No. 23, 
at Flatbush Avenue and Schermerhorn Street, Brooklyn, and the 
branch to Shaft 24, in Fort Greene Park, having a total length of 
2.5 miles, has a diameter of only 11 ft. A section of the 15-ft. 
tunnel is seen in Fig. 1. This is typical of the other tunnel sections 
and shows the amount of excavation and the thickness of the con- 
crete masonry lining. A minimum thickness of concrete of 10 in., 
within which no rock is allowed, has been provided, but the effec- 
tive thickness inside of any considerable area of rock is 15 in. 
As a result of the generally wide breakage in the city tunnel, how- 
ever, the actual thickness of the lining will average fully 23 in.; 
that is, out to the ‘‘ B” line, shown on the cross-section, to which 
payment for excavation and concrete is made. In sections where 
much seepage through the rock occurs the tunnel is excavated 
even wider, and a thicker lining provided to resist grouting pres- 
sures and insure water-tight work. 

Of the 24 shafts through which the tunnel is being constructed, 
22 of them are to be finished as waterways; No. 1, the first within 
the city limits, is to be filled upon the completion of the tunnel; 
and No. 11 is to be a drainage shaft through which the northerly 
half of the tunnel may be unwatered. Provisions for draining the 
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southerly half of the tunnel are being made at Shaft 21, but this 
shaft is also to have a waterway. 

One of the most interesting features of the city tunnel is the 
design of these waterway shafts, a typical section of which is 
shown in Fig. 2. The diameter inside of the outer lining of concrete 
masonry is 14 ft., and the minimum thickness of lining to the “A” 
line from 8 to 10 in. The shafts with the largest waterways, Nos. 
3, 23, and 24, have diameters about 2 ft. greater than here shown, 
and the drainage shafts, Nos. 11 and 21, are excavated equally 
large to provide for a double lining separated by tiling to carry 
off seepage. From a point 100 ft. below the rock surface, the 
section of the shaft is to be constructed to a diameter of only 
4 ft. within a concrete-lined steel riser pipe, solidly concreted into 
the shaft. This riser is to be capped at the top, within the large 
masonry valve chamber just below the surface of the ground, by a 
bronze tee having two 30-in. outlets, to each of which are to be 
attached in tandem two gate valves, one a bronze-mounted service 
valve and another of solid bronze placed next to the tee. The 
latter valve, which may be closed in the valve chamber or from the 
surface above the chamber, is intended to be used when the service 
valve is out of order. At most of the shafts, on by-passes about 
the service valves, regulating valves are to be installed by which 
the pressure on the distribution side may be controlled to meet 
the service requirements. 

In addition to these valves at the top of the riser pipe, an emer- 
gency valve of the needle valve pattern is to be provided in the 
shaft of the foot of the riser, which is designed to automatically 
close when the discharge through the riser exceeds a certain velocity, 
. and which can also be closed by hand either from the chamber or 
from a control on the surface at some distance from the shaft. 
All but three shafts are of the circular type just described, though 
some have two risers of the same size instead of one. Of these 
exceptions, Shaft 21, the drainage shaft, is approximately egg- 
shaped, to include both the 14-ft. drainage well and the standard 
48-in. waterway; and Shafts 13 and 18, which are section valve 
shafts, are roughly rectangular to provide space for a well over the 
section valve in the tunnel and for two 48-in. waterways, taking > 
out of the tunnel on either side of the section valve. Note in 
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Fig. 3, which shows the general design of these shafts, that the 
section valve is to have a clear waterway of 66 in. and that the 
tunnel is to be contracted on either side to this diameter in long 
tapered transition sections to minimize the loss of head. The 
purpose of these section valves is primarily to permit of cutting off 
and draining the southerly portion of the tunnel south of Shaft 13 
or 18 while still operating the northerly portion. 

The amount of water delivered to the city is to be measured by a 
Venturi meter placed in the main tunnel just north of Shaft 2, 
the first waterway shaft below Hill View reservoir. The throat 
of the meter is designed to have a diameter of 8.67 ft. with appro- 
priate sections on either side, through which the transition is made 
from the 15-ft. tunnel section. 


PRELIMINARY INVESTIGATIONS. 


No project was ever more thoroughly investigated than the city 
tunnel, and the rapid progress which has been made in driving 
the tunnel and the freedom from serious difficulties which has been 
experienced have more than justified the comparatively small 
expense of the preliminary work; altogether 201 borings, aggre- 


gating 46 343 ft., were made and over two years spent on surveys 
and studies before contracts were finally prepared. In the early 
stages of the investigations the Board of Water Supply was fortu- 
nate in having the services of Dr. Charles P. Berkey, consulting 
geologist, to whom great credit is due for the success of the under- 
taking. Dr. Berkey was able, from his intimate knowledge of the 
geology of the city, to point out the hidden fault lines and foldings 
in the rock formation where difficulties might be expected in 
driving a tunnel, so that attention could be given at once to these 
localities. No lesson was more thoroughly impressed upon the 
engineers connected with this work than that demonstrated on the 
city tunnel, as well as on other parts of the Catskill Aqueduct, 
that economy of time and money was to be secured in locating 
large engineering structures by securing the best geological advice. 

Conditions in New York City are, on the whole, very favorable 
for a pressure tunnel of the type which is being constructed; 
but few other large cities are similarly built on the solid rock. 
From the Yonkers line to the lower portion of Manhattan Island 
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the rock, comprising the Yonkers and Fordham gneiss and the 
Manhattan schist formations, is, generally, at or near the surface, 
and it was possible to place over half the length of the tunnel at a 
depth of not much over 200 ft. below the surface, a minimum 
depth of 150 ft. of sound rock over the tunnel being considered 
essential to obtain good tunneling ground and to insure a maximum 
of water-tightness in the finished structure, which is to carry an 
unbalanced head of about 300 ft. In the section of the tunnel, 
however, from the Harlem River to Morningside Park, it was 
necessary to go somewhat deeper than 200 ft. in order to secure 
the requisite depth of rock cover over the tunnel. 

The Inwood limestone underlying the Harlem River had been 
disintegrated and eroded to some depth, and a deep gorge in the 
bed rock was believed by the geologist to have been plowed by the 
ice in a weak zone in the Manhattan schist near 125th Street. 
In this section the tunnel was, therefore, located at a depth of 300 
ft. below sea level and in some points over 400 ft. below the surface. 
A still greater depth was found necessary on the lower east side of 
Manhattan in passing through Inwood limestone and Fordham 
gneiss. Much disintegration in these rocks was found by the 
borings in Hester Street near Seward Park at a depth of 400 ft. to 
500 ft., and some depth of decay was developed also on Delancey 
and Clinton streets, so that it was not considered safe to place the 
tunnel between the Bowery and the East River at. a depth of less 
than 700 ft. below sea level. In Brooklyn, the grano-diorite 
intrusion in the Fordham series, which had largely displaced the 
sedimentary rock, was found to fall off rapidly toward the south 
and east beyond the corner of Fulton and Flatbush avenues, and 
the increasing depth of drift over the rock fixed the southerly 
limits of the tunnel at Shaft 23. A depth of 300 ft. to the tunnel 
grade was required in Brooklyn to secure the necessary cover of 
rock at that point. 

The borings for the city tunnel were entirely done by contract, 
and, on the whole, extremely satisfactory work was secured. 
Both shot and diamond drills were used, though the deeper work 
was done by the latter. The large shot drill cores, 12 to 3 in. 
diameter, were most satisfactory, but difficulty was met in securing 
a hole sufficiently straight to go much deeper than 200 ft. without 
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frequent breaking of the drill rods and consequent interruption in 
the work. The cores from the diamond drill machines were, 
on the other hand, rather too small, being only }% to 1} in. 
in diameter, and the results in a few instances were perhaps mis- 
leading. At the bottom of the deeper holes on the lower east side, 
where most of the horing with diamond drills was done, and where 
depths of 750 ft. were secured, sometimes only a small percentage 
of the rock penetrated was cored. Besides the handicap of the 
small size of the core barrel, the failure to secure a greater amount 
of core in these deep holes was due in some measure to the struc- 
ture of the rock, which was not strongly cemented together and was 
tilted up at a high angle, and occasionally to the drill rods support- 
ing the core barrel becoming slightly bent. 


CONSTRUCTION. 

‘Contracts for the city tunnel were let in four sections and work 
begun in June, 1911, and it is expected that the entire work will 
be completed on schedule time ready for the delivery of water into 
the city’s mains by the latter part of 1915. At the present time, 
after twenty-six months’ work, the city tunnel is 65 per cent. 
completed; 95 per cent. has been excavated and 20 per cent. 
lined. One of the four sections of the tunnel is now so far advanced 
that it will be substantially completed inside of six months. 

No great delay was experienced in starting the excavation of the 
shafts in rock except on the southerly section, where the rock sur- 
face is too far below the ground surface to permit of excavating 
through the drift by other than pneumatic methods. Reinforced 
concrete caissons 15.3 to 18.0 ft. in interior diameter, with walls 
2 to 3 ft. in thickness, were sunk to rock and tightly sealed. Some 
idea of these caissons may be gained from Plate XVIII. The 
photograph was taken of the deepest caisson of Shaft 23 when 
there was about 40 ft. of the caisson below the street surface and 
some 80 ft. above. Fig. 1 of Plate XIX is a photograph of the 
caisson at Shaft 24 when being concreted; Fig. 2 shows the 
bottom of the caisson and the rods to be bent out for the deck. 
Each of the vertical reinforcing rods shown in this photograph has 
a turnbuckle at the bottom of the caisson with which it is connected 
through the sloping face of the V-shaped cutting edge to other 
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rods anchored in the concrete of the shaft, well below the surface 
of the rock. No shaft caisson was sunk at the drainage shaft, 
No. 21, but four shallow wall caissons enclosing the shaft were 
put down for the support of the superstructures to be erected over 
the drainage equipment and the space within them excavated to 
rock. 

From two to three months were consumed in sinking the shaft 
caissons and in sealing them, from the time the steel shoes were set 
up in the bottom of the chamber excavation, and maximum air 
pressures from 17 to 46 lb. per sq. in. were used. So carefully was 
the work done that no appreciable settlement that could be attrib- 
uted to the caisson work was observed in the vicinity of the shafts. 

The depths of the rock shafts of the city tunnel range from 156 
to 714 ft., and, with the exception of the timbered section valve 
shafts, the outer concrete lining was generally placed in stretches 
of 100 ft. as the shafts were excavated. From 2.5 to 7.7 months 
were taken in sinking and lining the shallower shafts in the neigh- 
borhood of 200 ft. in depth, and from 6.5 to 12.5 months for the 
deeper ones, from 250 to 450 ft. in depth. Shaft 21, which has a 
larger cross-section than the other concrete-lined shafts, and a 
total depth in rock of 714 ft. to the bottom of the drainage sump, 
took 14.5 months. The best month’s record on all contracts in 
sinking and lining was 112 ft. at Shaft 20, the average about 50 ft. 
ranging at the several shafts from 25 to 82 ft. 

‘The first tunnel headings were turned at Shaft 14 in Central 
Park in December, 1911, and the last at Shaft 21 in February, 1913. 
At present, 95 per cent. of the entire tunnel has been excavated, 
leaving less than 5 000 ft. to be driven. The top heading and 
bench method common in this country has been generally used in 
excavating the tunnel, and some idea of this work may be had 
from the photographs in Plate XX. Fig. 1 shows the heading 
with muck being removed over the bench; Fig. 2 the completely 
excavated section. Pneumatic drills have been generally em- 
ployed both in shafts and tunnels, although some extensive 
trials of electric drills were made by one of the contractors. Ex- 
cept for the northerly section of the tunnel, which is largely in 
undeveloped sections of the city where a central steam-driven 
compressor plant could be erected, each shaft, or, in one case in 
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Central Park, a group of three shafts, was equipped with a com- 
pressor plant of 1 to 3 electrically-driven units. All shaft hoists, 
ventilating fans, and most of the pumps in the tunnel, are also 
electrically driven as required by one of the clauses of the tunnel 
contracts, which specifies that so far as practicable, all equipment 
be driven by electricity to minimize the noise and dust incidental 
to the operation of steam plants. Among other measures adopted 
for the safety of the public as well as the workmen in the tunnel 
was the storage of the explosives at each shaft in a large under- 
ground magazine excavated in the rock at tunnel grade and con- 
nected with the tunnel by a tortuous drift, driven laterally from a 
point 100 ft. from the shaft. A heavy steel and timber door, 
hung in a concrete bulkhead at the entrance to this drift, was 
designed to protect the workmen from the gases of combustion 
should an explosion occur in the magazine. 

No records in tunnel driving orin shaft sinking have been broken 
on the city tunnel. The routine and methods usually employed 
in carrying on mining operations in the country have had, of course, 
to be materially modified in doing such work in the heart of a large 
city. The best progress thus far made in excavating the tunnel 
has been that in the Inwood limestone in the south heading of 
Shaft 20, where 354 ft. of completely driven tunnel of 11-ft. 
finished diameter were excavated in one month. The average 
progress on the several sections has been from 150 ft. to 250 ft. 
per month, according to the difficulties encountered and the speed 
which the contractors considered it necessary to push this part of 
their work. 

The lining of the tunnel is well under way on only one section, 
where six sets of sidewall and arch forms are being concreted from 
two central mixing plants. On this section nearly 17 000 ft. of 
lining, or about three quarters of the contract, has been placed. 
A beginning has been made on the other three sections of the 
tunnel, but thus far only about 2 000 ft. of lining has been put in. 

The methods of concreting in the city tunnel differ little from 
those which have been developed on other tunnels of the Catskill 
Aqueduct, though a somewhat richer concrete, mixed in the 
proportions of 1 of cement to 11% of sand or screenings and 3 of 
stone or gravel, is being used in the city. First the concrete of the 
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invert for a width of 5 to 6 ft. is laid against radial form boards. 
This part of the concreting goes rapidly, since from 150 to 200 ft. 
may be readily placed in an eight-hour shift. It is customary to 
lay all the invert in any section before starting the next operation. 
After the invert is finished the sidewalls are concreted to the spring- 
ing line, and finally the arch is placed. The last two operations 
have come to be done simultaneously, the sidewall being concreted 
with an adjacent section of arch. 

This plan permits the mixing plant to be run at. full capacity 
during the slowest and most difficult part of the concreting, the 
keying of the arch, the surplus concrete going to the sidewall form. 
Most of the concrete lining in the city tunnel, thus far put in, has 
been placed in sidewall and arch forms 60 ft. in length, all in tun- 
nels of 13 and 14 ft. in finished diameter, but forms 80 ft. long are 
being successfully used -in the 12-ft. tunnel. Greater lengths of 
form are being attempted in the 14- and 15-ft. tunnels, but it has 
not yet been demonstrated that these forms can be successfully 
filled at any considerable distance from the mixing plant. The 
60-ft. forms are usually concreted every third day, or twice each 
week, and on the average 1 300 ft. of completed arch and side 
wall in the 14-ft. tunnel have been concreted each month from one 
plant with three sets of 60-ft. forms. Metal forms of the “ Blaw ” 
type are being used throughout, and very satisfactory work is 
being secured. 

Grouting of one portion of the tunnel north of Shaft 13 will 
shortly begin. This operation consists of first filling the space 
over the arch resulting from shrinkage and settlement and the 
inability of the workmen to quite fill the entire section over the 
key, and later, of forcing grout under high pressure into the seams 
and crevices of the rock about the lining through deep-seated 
pipes placed for this purpose wherever, in the periphery of the 
tunnel, any water appears. 

Besides the tunnel concreting, it has been possible on one section 
to close up three shafts, Nos. 13, 15, and 16, concrete the risers, 
and at the last two shafts to build the chambers at the top. The 
equipment for the shafts and chambers is being delivered and 
installed. Only about half of the connections to the distribution 
system will be provided for in the present installation. 
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COST OF THE TUNNEL. 


The city tunnel when completed will have cost in the neighbor- 
hood of $20 000 000, including the contracts for equipment, and 
all real estate, engineering, and other expenses. 


Preliminary investigations, surveys, borings, etc... .. $361 300 
Estimated construction, including engineering ex- 


This amount corresponds to a unit price of $216 per foot of 
tunnel, and in addition to the tunnel itself includes the cost of 
over 8 000 ft. of waterway shafts, together with the masonry 
chambers at the surface and the equipment. 


CONDUITS OF THE CITY AQUEDUCT. 


Beyond the terminal shafts of the city tunnel, pipe conduits are 
being laid for the supply of the outlying sections of the city. One 
of these has already been laid of about equal lengths of 66-in. 
steel and 48-in. cast-iron pipe from Shaft 23 through Brooklyn 
borough to the water front at The Narrows in Bay Ridge, a distance 
of 6.3 miles, and is to be continued 3.3 miles farther across The 
Narrows to Silver Lake reservoir in Richmond borough, a basin 
of 400 million gallons capacity recently placed under contract. 
The connection across The Narrows is to be a 36-in. flexible, 
jointed pipe laid in a dredged trench with a cover of 8 ft. and 
placed at no point within the pier head lines less than 45 ft. below 
mean low water. The main from The Narrows to Silver Lake 
reservoir is to be a 48-in. cast-iron pipe. From Shaft 24, another 
conduit, 6.3 miles in length, of 66-in. steel and 48-in. cast-iron pipes, 
is laid out for the supply of Queens borough, and the cast-iron 
portion, 4.0 miles long, has already been laid from Broadway and 
Willoughby Avenue, Brooklyn, to the terminus at Queens Boule- 
vard and Fisk Avenue in Queens borough. Frequent connections 
are being provided on these conduits by which the existing mains 
of the distribution system may be fed, and regulating valves are 
planned for all connections with the low service mains. 

The conduits already constructed have presented no difficulties 
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other than those always met in laying large pipes in city streets, 
and they merit no further description. The total cost of these 
trunk conduits in the city, including engineering expenses, is 
estimated at $2 000 000, and Silver Lake reservoir with real estate 
and engineering $1 200 000 more. 


HYDRAULICS OF THE CITY TUNNEL AND CONDUITS. 


It will perhaps be of most interest to water-works men to note 
the volumes of water which may be drawn from the waterway 
shafts of the city tunnel, and to outline the possibility in the 
direction of improving the pressures in the distribution system 
and of furnishing a gravity supply to the high services of the city 
with the introduction of the Catskill supply. 

In designing the outlets for the waterways of this tunnel, it was, 
of course, impossible to anticipate with any degree of accuracy 
the amount of water which in the future it may be desired to draw 
from each shaft, but so far as possible every reasonable use of the 
tunnel has been provided for. There are 13 shafts, Nos. 2, 4, 5, 6, 
7, 9, 12, 14, 15, 16, 19, 21, and 22, which are to have a single riser 
48 in. in diameter, as described in the previous pages, and it is 
estimated that, in proportion to the effective head between the 
tunnel and the distribution mains, each waterway of this size can 
discharge from 50 to 100 million gallons per day with a loss of head 
in the shaft and connections from 2 to 8 ft. At 6 shafts, Nos. 8, 
10, 13, 17, 18, and 20, where greater drafts are anticipated, two 
48-in. risers are to be installed, and these can discharge, if required, 
from 150 to 200 million gallons per day under a loss of head esti- 
mated at 5 to 9 ft. Two connections of still larger size, 72 in. 
in diameter, are to be provided at Shaft 3, at the head of the 
Jerome Park reservoir, and, when necessary, 300 million gallons 
per day, more than half of the entire Catskill supply, can be 
diverted into the Croton system at that point. A similar cross 
connection with the Croton works is made at Shaft 10, where two 
48-in. risers are planned and large pipe connections are to be 
carried to the 135th Street gate-house on Amsterdam Avenue, 
from which most of the large mains of the Croton system are laid. 
A supply of 200 million gallons per day can be delivered to the 
Croton system at this point. The waterways in the two terminal 
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shafts, Nos. 23 and 24, have also been made of ample size, since 
upon these shafts will depend the supply of the three boroughs of 
Brooklyn, Queens, and Richmond. Each of these shafts is to have 
two 72-in. risers and can discharge the maximum flow through the 
11-ft. tunnel leading to Brooklyn, estimated at 300 million gallons 
per day with less than 4-ft. loss of head. Regulating valves are 
to be installed at all shafts except Nos. 2, 8, and 9, which are to 
supply high-service districts alone, and Nos. 23 and 24, which are 
to feed the high as well as the low services of Brooklyn, Queens, and 
Richmond boroughs through the large pipe conduits leading from 
them. 

The actual distribution of the Catskill supply will naturally 
be decided upon by the Department of Water Supply, Gas, and 
Electricity, which has charge of the operation and maintenance 
of the existing water works, including the distribution system. 
It has been suggested that, with 500 m‘!lion gallons per day of 
water available from the Catskill services, it might be the policy 
of the operating department to furnish the Catskill water to all the 
high-service districts in the boroughs of Manhattan and The Bronx, 
and entirely supply the boroughs of Brooklyn, Queens, and Rich- 
mond, leaving for the low-service zones in Manhattan and The 
Bronx the supply from the present sources. This policy would 
result in great economy to the city, inasmuch as it would permit 
of supplying the city almost entirely by gravity and of shutting 
down most of the pumping stations now in operation, including 
those of the ground-water works on Long Island and Staten Island, 
until the increase in the consumption of water in the city again 
required the water from these works. On the basis of some such 
distribution of the Catskill supply as suggested above, the prob- 
able gradient in the city tunnel has been worked‘ out to show 
what pressures will be available in each section of the city. For 
this computation a flow equivalent to 575 million gallons per day, 
or 15 per cent. in excess of the average delivery of 500 million 
gallons per day, has been assumed for the hours of maximum con- 
sumption 

The deliveries assumed for each of the tunnel shafts are, of 
course, purely speculative, as any number of assumptions of this 
kind can be made, depending upon the future growth and con- 
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sumption in each portion of the city, the limits which may be fixed 
between the various services, and the disposition of the water 
from the present works. The distribution made gives, however, 
as severe a test of the capacity of the tunnel as is likely to be made. 
The assumed discharges from the shafts are shown in the mass 
curve on Fig. 4, on which is also drawn the corresponding hydrau- 
lic gradient in the tunnel and trunk conduits leading there- 
from. 

The high and Williamsbridge services in The Bronx, the high 
and the upper high services in Manhattan borough, and a small 
portion of the low services in these boroughs are provided for in 
this estimate, and it is assumed that the districts in Brooklyn, 
Queens, and Richmond now served by the city’s water works are’ 
entirely supplied. No discharge is assumed for the lower shafts 
in Manhattan Borough, though some will doubtless be drawn 
at these shafts for the downtown business districts and ample 
provision has been made for serving them in constructing the 
shafts. The effect of diverting to these Manhattan shafts some 
of the flow estimated for Brooklyn Borough would, of course, 
result in raising the tunnel gradients above that estimated. 

From the diagram it may be seen that on the distribution for the 
Catskill supply that has been here assumed, the average gradient 
in the city tunnel between Hill View reservoir and Brooklyn is 
2ft.toamile. With the water in Hill View reservoir at Elevation 
295 (B. W. S. datum, mean sea at Sandy Hook), which is 1 ft. 
below the normal flow line, the gradient in the tunnel within the 
borough of the Bronx is from Elevation 280 to Elevation 290, 
which is quite high enough to supply the high services in that 
borough, giving an average pressure of about 50 lb. per sq. in. 
in the Bronx high service, and 70 lb. per sq. in. in the Williams- 
bridge service. 

Similarly, the tunnel gradient in Manhattan varies from Eleva- 
tion 280 at the Harlem River to about Elevation 260 at the south- 
erly end of the island, which corresponds to a pressure of about 
70 lb. per sq. in. in the Manhattan high service and about 40 lb. 
per sq. in. in most of the Manhattan upper high service. Several 
acres in the latter district are, however, too high for the tunnel 
gradient and will have to be supplied by a local “‘ booster” station 
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or from one of the present pumping stations of the Croton system. 
In lower Manhattan Borough the estimated tunnel gradient is 
sufficiently high to raise the water to the sixteenth floor of the 
higher buildings and to give an average pressure at the curb of 
about 100 lb. per sq. in. 

In Brooklyn Borough the hydraulic gradient is estimated from 
Elevation 255 to Elevation 260, falling off in the large trunk 
conduits leading from Shafts 23 and 24 to Elevation 240, within 
the limits of the borough. This gradient is high enough to deliver 
water to a level slightly above the present intermediate or Mt. 
Prospect Reservoir service, giving an average pressure of about 60 
Ib. per sq. in. in that service, and to supply the high service at a 
‘somewhat lower gradient than now, taking care of the entire 
service with the exception of a few isolated areas, to which it 
may be necessary to pump. Some reduction in pressure would 
doubtless be made at the connections with the mains of the low or 
Ridgwood service. 

The gradient estimated in the Queens conduit is ample to supply 
the districts now occupied in Queens Borough, and the gradient 
in the conduit to Richmond Borough is sufficiently high to deliver 
a supply to the new Silver Lake reservoir at Elevation 230, which 
is intended to serve the entire borough with the exception of the 
higher hills. 

Considering the smooth, even surface which is being secured on 
the tunnel lining, the value of 120 assumed for “ C ” in the Chezy 
formula in working out this gradient is conservative, and it is 
quite possible with the flows here assumed that for many years 
the gradient in Brooklyn would at least be 5 or 6 ft. higher than 
estimated, corresponding to a value of ‘‘C ” of 130. 

Aside from the great economy effected by the tunnel plan and 
the gain to the city and the public in avoiding the laying of large 
mains in busy streets of the city, it is evident, from a consideration 
of the design and construction of the city tunnel and of its possi- 
bilities in the direction of improved service, that this tunnel has 
immeasurable advantages over a system of pipes, in that the 
tunnel is a permanent structure, not exposed to injury from 
construction work in the streets, and its capacity is such that it 
will make available to all sections of the city a continuous supply 
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of water in large volumes and at ample pressure for fire protection 
as well as for domestic and industrial uses. 

Among the many notable engineering problems that have been 
worked out on the Catskill Aqueduct under the direction of our 
president as chief engineer of the Board of Water Supply, not the 
least in brilliancy of conception and boldness of design isthisplan for 
the distribution of the Catskill water to all parts of New York City. 


DISCUSSION. 


Mr. Lazarus WuitTe.* The chief progress that has been made 
in this type of construction is due to the improved method of 
shaft sinking, for the tunnels connect the bottoms of shafts, and 
they have to be sunk before the tunnels can be started. - Five or 
six years ago sinking shafts was thought to be a very serious 
matter; and as there had not been deep shafts of this character 
sunk in this part of the country, there was a great deal of exaggera- 
tion as to their cost. 

At the time we started to work on the first tunnel of this char- 
acter on the Catskill Aqueduct, the shafts were all timber-lined, 
the timber in the waterway shafts being subsequently taken out 
and concrete lining put in. About that time a method of sinking 
concrete shafts without the use of timbering came into use in the 
coal regions and was adopted in the later siphons. In this method 
the shafts were sunk in stretches of about a hundred feet, and 
immediately lined with concrete, which protected the sides from 
caving and subsequently became a waterway. This method 
proved to be much more economical than taking the timbering 
out and putting the concrete in, and it was adopted later even in 
shafts which were not waterway shafts, and shafts which were 
expected to be in use for only a few years. 

Due to the great number which were sunk, considerable im- 
provements were made in the art of shaft sinking, so that these 
concrete-lined ones were sunk at several times the speed that 
it was originally supposed could be made. In one case the shaft 
was sunk 200 ft. and completely lined in less than three months, 
and in some cases 700 ft. were sunk in about one year, — even 


* Division Engineer, Manhattan Division of the Catskill Aqueduct. 
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where the tops of the shafts had. to be started with compressed 
air caissons. 

Besides improvement in speed, another perhaps even greater 
improvement was originated here in connection with shafts 
where water was encountered. These had previously proven to be 
very expensive, for every time work was stopped to blast, the 
water accumulated and had to be pumped out, making the work 
very slow and difficult. A method was learned, however, by which 
' the water could be cut off as the shaft went down piecemeal, by 
lining the shaft with about two feet of concrete and injecting 
cement grout into water-bearing seams. In this way the shafts 
were kept practically dry and safe to the bottom, almost regard- 
less of the amount of water encountered. Of course there was some 
slowing up in progress, but not very much. A concrete-lined 
shaft can now be sunk, at a rough estimate, for about $200 a foot. 

In one of our first timber-lined shafts before this method had 
been well worked out, there was a great deal of delay caused by 
encountering quantities of water. One of our contractors said he 
could have saved several hundred thousand dollars in the sinking 
of a similar shaft if this method had been known. 

When you have overcome the problem of shaft sinking, the rest 
of it is comparatively simple. You practically make the condi- 
ditions to suit yourself, by the depth of shaft and by exploring 
the ground. Pressure tunnels can run up and down at any angle 
to get from shaft to shaft, and you can pick out the more favorable 
rocks for tunneling. I believe that this type of construction will 
be used more and more, particularly where pipe lines under great 
heads would otherwise be laid. That is, in case of a deep and 
broad valley these tunnels compare more and more favorably with 
steel pipe lines. 

New York City can fairly claim the credit of originating this 
type of construction on a modern and large scale. It was first 
used in the new Croton aqueduct under the Harlem River about 
thirty years ago. The application of it for distributing water is en- 
tirely new; it is the adaptation of a pressure tunnel and a siphon 
tunnel to the conduit line. It has, I think, worked out wonder- 
fully well. 

There has been one case in the West, which you probably recall, 
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where there was some trouble with a tunnel of this character, but 
if you will examine that case you will see that that tunnel was a 
sort of a halfway measure; it was a cross between a steel pipe line 
and a tunnel of this character. It was started several years ago, 
when the method had not been well worked out even here. We 
know very well that the way to cross a valley is not by sinking 
an incline at each side and then coming out at the bottom, but by 
sinking vertical shafts and then driving a tunnel nearly horizon- 
tally between them. I believe that if that tunnel had been driven 
in that way they would not have encountered any trouble. 
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THE ADDITIONAL WATER SUPPLY FOR THE CITY 
OF PITTSFIELD, MASS. 


BY HIRAM A. MILLER, CONSULTING ENGINEER. 
[Read September 10, 1913.] 


EXISTING WATER SUPPLY. 


Previous to the construction of the additions to the Pittsfield 
water supply, to be described in this paper, the water works con- 
sisted of a gravity system from four watersheds east of the city in 
the towns of Dalton, Hinsdale, and Washington; the water being 
taken from small intake reservoirs on Sackett, Hathaway, Ashley, 
and Mill brooks. Near the headwaters of Ashley Brook is a natural 
lake called Ashley Lake, which had been made into a large storage 
reservoir by the construction of a dam across Ashley Brook, its 
outlet; but which, on account of its small watershed, if drawn 
down to the limit of only its gravity capacity, would require two 
or more years to fill again. The storage from this lake passes 
down Ashley Brook into the intake reservoir below. (Plate XX1.) 

These four intakes are at different heights, the elevation of the 
overflow varying from Elevation 1249 of the one on Ashley Brook 
to Elevation 1340 of the one on Mill Brook. 

The areas of the different watersheds above the points of ree 
the water are as follows: 

1.76 sq. miles 
Hathaway 1.05 sq. miles 


Ashley, below Ashley Lake 1.75 sq. miles 
Ashley Lake Watershed* 


7.05 sq. miles 


The capacities of the reservoirs are as follows: 


* Including Ashley Lake. 
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It was estimated that the available water supply from the above 
sources in a series of dry years would be 2 650 000 gal. per day. 

The supply mains leading into the city consisted of a 12- and 
16-in. cast-iron pipe from Ashley intake, with a 10-in. pipe from 
Hathaway intake and another of the same size from the Sackett 
intake, joining these pipes. There was also a 12-in. pipe from the 
Mill Brook intake joining the 12-and 16-in. pipes from Ashley 
intake near the southerly edge of the settled portion of the city. 

The static pressure at City Hall, with the Ashley intake reservoir 
full, is 86 lb. 

It had been known for some years that the city was rapidly 
outgrowing its water supply. In 1908 the consumption was esti- 
mated to be 2 500 000 gal. per day, and in 1909 it had increased to 
2 800 000 gal. per day, notwithstanding the most stringent meas- 
ures were taken to keep the consumption down. In order to 
make up for the deficiency of the water supply, a small dam was 
constructed in the fall of 1908 on Roaring Brook, a stream to the 
south of Mill Brook, and the water diverted through a wooden 
flume into the Mill Brook watershed. A pump was also installed 
at Ashley Lake to pump the water from the lake when the water 
fell below the level at which it would flow by gravity through the 
sluice gate in the Ashley Lake dam. In 1909 a pumping station was 
installed at Onota Lake in the northwestern part of the city, from 
which water was pumped into the maims. The consent of the 
State Board of Health to the temporary use of the Onota Lake 
water had been obtained. 

The distributing mains were also small, the largest being 12 in. 
in diameter, so that pressures generally throughout the city were 
quite low. 


PROPOSED EXTENSIONS. 


The only available sources for an additional water supply were 
Onota Lake referred to above, Richmond Pond southwest of the 
city, and Roaring Brook above the point where it could be diverted 
into the Mill Brook watershed. This last-mentioned source of 
water supply seemed especially desirable as it would be a gravity 
supply, while the water from the lakes would require pumping, 
and consequently this source of water supply was decided upon. 
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Surveys and investigations of this water supply had been made 
in 1908 and 1909. 

Permission had been obtained from the State Board of Health to 
use certain tributaries of Roaring Brook for a permanent water 
supply, as it was deemed undesirable to take the water directly 
from Roaring Brook, as the water flowed through a large pond, the 
bottom of which was composed of muck from five to thirty feet 
deep and was surrounded on all sides by swamp areas, the soil of 
which was principally muck. Additional supply mains were to be 
built into the city, and additional distribution mains through the 


city. 
DAM. 


It had originally been intended to construct a reservoir with an 
earth dam on Mill Brook about three thousand feet above the Mill 
Brook intake, and divert two of the tributaries (No. 4 and No. 5) 
of Roaring Brook into this reservoir; the reservoir to have a storage 
of from one hundred fifty to two hundred fifty million gallons; 
then, later on, to construct an additional storage reservoir on the 


largest of the tributaries of Roaring Brook, known as tributary No. 
2, and divert this tributary and No. 1 and No. 3 into the Mill 
Brook watershed. Further investigations lead to the conclusion 
that it would be better to construct a higher dam of masonry and 
impound a larger quantity of water, particularly as investigations 
at the site of the proposed reservoir on tributary No. 2 of Roaring 
Brook showed that two dams would be necessary instead of one, 
and also that there would be a large area of shallow flowage. It 
was, therefore, finally decided to erect a dam of cyclopean masonry 
with concrete blocks on the upstream face (to be called the Farn- 
ham Dam, in honor of the engineer of the board of public works of 
the city) about 100 ft. high above the bed of the brook, with a 
spillway at Elevation 1585, and the top of the dam at Elevation 
1595, impounding, as estimated, 442 000 000 gal., which would at 
least be nearly as much storage as the area of the watershed tribu- 
tary to the reservoir would warrant; to construct a diversion con- 
duit along the northeasterly side of Roaring Brook, diverting all 
five of its tributaries into the Farnham Reservoir; to construct a 
small diversion conduit from one of the tributaries of Mill Brook 
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into the Farnham Reservoir; and also to construct large supply 
and distribution mains; leaving further consideration of the reser- 
voir on tributary No. 2 of Roaring Brook until such time as the city 
would need to investigate farther additions to its water supply. 

Test pits and other investigations showed that the foundation of 
the dam would be mainly rock of an unusually good quality of 
schist running into Cheshire quartzite at the westerly end of the 
dam. There was a large outcrop of quartzite a short distance 
above this end of the dam, so that the cyclopean stones and the 
coarse aggregates for the masonry would be easily available. It 
was thought probable that this quartzite could be crushed by sand 
rolls into material suitable for fine aggregates, or failing in that 
there were apparently large quantities of sand in the Housatonic 
Valley about three miles from the site of the dam which appeared 
to be satisfactory. 

The dam has a gravity section, about 600 ft. in length, with core 
walls at each end, making the total length of the dam about 900 ft. 
It is divided by expansion joints with inspection wells passing 
down through the joints, near the upstream side, to the bottom of 
the dam. These inspection wells are connected at the bottom by 
cast-iron drainage pipes, with a pipe leading from the bottom of 
the deepest well to the westerly side of the lower end of the spillway. 

The gate well is on the upstream side of the dam outside the 
regular section, and is about 10 ft. square, having four inlets at 
various elevations, the lower one consisting of a 12-in. pipe with one 
gate valve, the others of 20- or 24-in. pipes, having two gate valves 
on each pipe. On the downstream side of the gate well are one 
24- and one 12-in. cast-iron pipe lines leading into a pool on the 
easterly side of the lower end of the spillway, each having sluice 
gates in the gate well. The valves and gates are controlled by 
operating stands in a gate house over the well. 

The expansion joints are 80 ft. apart, having 6-in. vertical offsets, 
8 ft. apart through the dam. There is a copper strip across the 
joints on the upstream side of the inspection well similar to the one 
designed by the engineers of the board of water supply of New 
York City for the Kensico Dam. One side of the expansion joint 
is constructed of concrete blocks; on the other side the concrete 
of the cyclopean masonry is permitted to come to the joint. Be- 
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fore laying the concrete the side of the joint first constructed was 
coated with hot tar pitch, then a sheet of roofing paper was applied 
to the hot pitch, and the roofing paper was again coated with hot 
pitch. 

During the last of February of the present year, after the coldest 
spell of the winter, when the reservoir was full, the total leakage 
through the joints measured at the end of the drainage pipe was at 
the rate of 18 000 gal. per day, which had decreased during the 
present summer to 200 gal. per day when the reservoir was drawn 
down 11 or 12ft. Moisture appears on the downstream side of the 
dam to the extent that a large proportion of the area appears wet 
on a damp morning, but in a sunshiny afternoon the surface is 
mainly dry. 

The specifications for the dam provided for three classes of mass 
concrete, of concrete blocks, and of cyclopean masonry, depending 
on the mixture of the concrete. Class A was concrete consisting 
of one part cement, two parts fine aggregates, and four parts coarse 
aggregates, with no stones larger than two inches in their greatest 
dimension. Class B was concrete consisting of one part cement, 
two and one-half parts fine aggregates, and four and one-half parts 
coarse aggregates, with no stones larger than two and one-half 
inches in their greatest dimension. Class C was concrete having 
the materials in the proportion of 1: 3:6, with no stones larger 
than three inches in their greatest dimension. Class D was to have 
the same proportions as Class A, but to have no stones larger than 
34 in. in their greatest dimension. 

It was expected that Class A concrete would be used in the 
lower portion of the dam, and in the lower portion of the gate- 
house; that Class B concrete would be used in the main portion of 
the dam above where the Class A concrete was to be used, up to 
Elevation 1585, the elevation of the spillway; that Class C con- 
crete should be used between Elevation 1585 and Elevation 1595, 
the elevation at the top of the dam, and that Class D concrete was 
to be used for filling spaces around the copper strips in the expan- 
sion joints. 

It was further specified that the proportion of fine to coarse 
aggregates in any of the classes of concrete might be varied so as to 
reduce the voids to a minimum. 
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The contractor’s plant consisted of the usual machinery for 
quarrying, crushing stone, mixing concrete, placing masonry, 
and so forth, and had in addition rolls for crushing stone for use 
in the place of sand for the fine aggregates. The rock from the 
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quartzite ledge above referred to, crushed in the sand rolls, was too 
fine for the fine aggregates. About one half of that portion of it 
which would pass through a sieve having 8 meshes to an inch would 
pass through a No. 100 sieve, whereas the specifications required 
that of the material passing through a sieve with eight meshes to an 
inch, not more than 12 per cent. should pass through a No. 100 
sieve. There was a schist ledge a short distance from the 
quartzite ledge which consisted of a very fine dense rock weighing 
174 lb. per cu. ft., which was better in this respect but not enough 
so to comply with the specifications. 

Careful tests, however, were made to determine both the per- 
meability and strength of concrete and mortar made from mixtures 
of aggregates from the quartzite and the schist having different 
proportions of the very fine material, and it was found that with 
fine aggregates, having a very large proportion of particles which 
would pass through a No. 100 sieve, the concrete was as strong and 
as impervious as the concrete made with fine aggregates which 
only had 12 per cent. that would pass through a No. 100 sieve, and 
that the 1:3:6 mixture was as impervious as the 1: 2:4 mixture. 
The contractor was, therefore, permitted, provided he would use 
three skips of the schist rock to one skip of the quartzite rock in his 
concrete, to use the fine aggregates when the proportion which 
would pass through a No. 100 sieve would not exceed 40 per cent. of 
the total which would pass through a sieve with eight meshes to the 
inch; and Class C concrete, concrete blocks, and cyclopean ma- 
sonry, with the increased fine material in the fine aggregates, was 
used, as provided in a clause in the contract reserving to the city 
the right to substitute one class of masonry in the dam for 
another even to the exclusion of some of the classes, throughout 
the dam almost entirely where in the preliminary quantities Class 
B concrete, concrete blocks, and cyclopean masonry had been 
estimated. 

In the revised pressure diagram, Fig. 5, made since the com- 
pletion of the dam, the weight of the masonry is taken as 157 lb. 
per cu. ft., the volume of the inspection wells being included in 
the volume of the dam, the weight of the quartzite being 169 lb., 
and the weight of the schist 174 lb. The weight of the concrete 
was averaged at 151.2 lb. 
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Ice pressure was taken at 10 000 lb. per linear foot at the surface 
of the water. It was assumed that the upward pressure of water 
under the dam would be equal to the full pressure of the water at 
the upstream side, and that it would be nothing at three quarters 
of the distance from the upstream side to the downstream side, 
either at the bottom of the dam or at any horizontal section of the 
masonry. The pressure diagram, when the reservoir is empty, shows 
that the pressure line passes about three inches outside of the 
middle third, but if the deduction for the inspection wells had been 
taken out of the vertical longitudinal section in which they are, 
instead of being distributed through the total volume of the dam, 
and if the lesser weight of the masonry near the upstream face of 
the dam (being all concrete) had been taken into account, this 
pressure line would not have passed outside the middle third. 
The diagram shows that the pressure will keep within the middle 
third, in accordance with the above assumptions when the reser- 
voir is full to Elevation 1585—the elevation of the spillway. It 
will also keep within the middie third with the water at Elevation 
1590, provided there is no ice pressure, consequently flashboards 
5 ft. high can be safely placed across the spillway, provided they 
are removed before ice forms on the surface of the reservoir to any 
great thickness; and provided also that there is no depth of water 
passing over the spillway. 


NEW ROAD. 


As the public road passed across the site of the dam and through 
the site of the reservoir, a new location was made around the east- 
erly side of the dam and along the easterly side of the reservoir. 
As this was mainly on the steep hillside, a large portion of the con- 
struction consisted of excavating on one side of the roadway and 
depositing the material on the other. (Fig. 6.) 

In order to keep the grade down to 8 per cent. it was necessary 
to pass up one side and along the other side of two streams to get 
sufficient development. 


RESERVOIR. 


The area of the reservoir, Fig. 7, is about 42 acres. From this 
area and for a short distance in height above the flow line, the 
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soil was entirely removed, except that on an area in the bottom 
of the reservoir the muck was covered by additional soil and 
the whole covered with earth taken from the reservoir after the 
soil had been removed. 

The reservoir will contain, below the elevation of the spillway, 
as measured after the soil had been removed, 446 500 000 gal., and 
with 5 ft. of flashboards on the dam will contain about 517 500 000 


DIVERSION CONDUITS. 


A diversion conduit, Fig. 8, was constructed from a branch in 
Mill Brook, called Monument Brook, to divert the water from this 
brook into the proposed reservoir, and a diversion conduit was 
carried from the Mill Brook watershed along the side of Roaring 
Brook, and the pond above referred to, intercepting tributaries 
Nos. 1, 2, 3, 4, and 5, to divert the water from this portion of the 
Roaring Brook watershed into the reservoir. These conduits 
were designed to have a capacity of not less than six and one-half 
million gallons per square mile of watershed tributary to them. 
Twelve-inch sewer pipe was used for the conduit from Monument 
Brook. The lower portion of the Roaring Brook conduit is cov- 
ered and the upper portion is open. 

Where it was necessary to have the covered conduit larger than a 
24-in. pipe, the conduit consists of a reinforced concrete box, the 
thickness of the concrete being five or six inches, depending upon 
the size of the box. 

Inlets were provided where reyjuired at the side of the covered 
conduit to admit the run-off from the tributary brooks and from 
the hillsides. At each inlet and at the upper end of the covered 
conduit, settling basins were constructed. Where the covered 
conduit turns away from Roaring Brook a waste gate was provided 
to permit the water flowing in the conduit to discharge into the 
brook when desirable. 

Where the covered conduit was below the lowest ground water 
surface, pipes were laid with open joints, or in the case of the 
concrete box, 2-in. pipes were inserted at frequent intervals in the 
sides of the box, just above the bottom, for the purpose of leading 
the ground waiter into the conduit. 
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The open conduit consisted of a ditch with two to one slopes on 
the sides, lined on the bottom with a plank 12 in. wide, on each 
side of which was the half of a four-by-four scantling sawed diag- 
onally. The sides of the ditch were paved for a distance above the 
bottom. 

Small open-side conduits were constructed at three points on the 
main open conduit through the swamp to the foot of the hills, to 
take the water direct from the tributaries and prevent it from 
flowing over the swamp. 


IMPROVING BROOKS. 


Between the Mill Brook intake and the Farnham Dam, the 
brook has a fall of nearly 150 ft. in a distance of about 3 000 ft. 
Between the outlet of Roaring Brook diversion conduit and the 
flow line of the Farnham Reservoir, there is a fall of over 200 ft. in 
about 1100. These brook channels have been improved and 
various small dams constructed across them for the purpose of 
aérating the water. 


AVAILABLE SUPPLY OF THE COMPLETED SYSTEM. 


The area tributary to the new Farnham Reservoir is estimated 
to be as follows: 


Mill Brook, above the proposed reservoir.... 0.38 sq. miles 
Diverted from Monument Brook........... 0.20 sq. miles 
Diverted from Roaring Brook.............. 3.20 sq. miles 


This, added to the original collection area, less that portion of it 
now tributary to the Farnham reseryoir, makes a total collection 
area of 10.21 sq. miles. The estimated available yield in a series of 
dry years, with the spillway of the Farnham dam at Elevation 
1585, is 5 500 000 gal. per day. 

.In making the estimate of the available yield of the former and 
present collection systems in a series of dry years, the records of the 
Sudbury watershed from June, 1879, to December, 1883, inclusive, 
were used. Comparisons of the run-off from the Sudbury water- 
shed with weir measurements in Roaring Brook and Mill Brook 
from September, 1907, to August, 1908, indicate that they are 
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very nearly the same, although the yield from the Sudbury reservoir 
appears to be slightly larger. 


ADDITIONAL MAINS. 


In order to transmit, throughout the city, the increased quantity 
of water available by the addition to the water supply, without too 
great loss of pressure during fires, it was necessary to lay additional 
mains to and through the city. 

The Ashley intake is lower than any of the other intakes, and is 
nearer to the city than any of them. It is necessary to have pipes 
of sufficient size for fire protection from this reservoir to the city 
only, as its storage of 23 000 000 gal. is more than sufficient to last 
through a fire. It is only necessary to have pipes of sufficient size 
from the Mill Brook intake, to the connection with the pipes from 
the Ashley intake, to provide for the maximum daily consumption 
of the city, less the least yield that can be expected in an extremely 
dry period from the other watersheds. 

In planning the size of the pipes from the Ashley reservoir, it 
was deemed desirable not to consider the present 12-in. pipe from 
Ashley Lake to the distribution system, as it was laid with cement 
joints some forty years ago. A test, however, was made on a por- 
tion of two lengths of this pipe, without disturbing the cement 
joint connecting them. This pipe was subjected to a pressure of 
nearly 300 lb. per sq. in., and the joint as well as the pipe success- 
fully stood the test. It was decided, therefore, not to abandon 
this pipe line at the present time, as on the outside it was practi- 
cally as good as when laid and on the inside was only slightly 
tuberculated. 

In estimating the size of the new pipe necessary to be laid from 
Ashley Lake to the distribution system it was assumed that the 
maximum rate of consumption, when the average was 5 500 000 
gal. per day, would be 10000 000 gal. per day; as, for instance, 
on a Monday morning; that it would be necessary to provide 
for the use of 4 000 gal. per minute for fire protection, or at the 
rate of 5 800 000 gal. per day, a total of 15 800 000 gal.; that the 
pressure at City Hall with this flow should not fall below 40 or 45 
lb.; and that the distribution mains should be large enough to 
maintain good pressure throughout the city. 
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On this basis it was decided that it would be ultimately necessary 
to lay a 24-in. pipe from the Ashley intake to the distribution 
system, and a new 18-in. main from the Mill Brook intake to a 
connection with the new 24-in. pipe from Ashley intake. It was 
also decided that the present distribution system should be rein- 
forced with a 20-in. main extending around the westerly side of the 
city; a 20-in. main extending around the easterly side of the city, 


lo( Pressure Regulati: 
Valves 


Lower Mill Brook Ashle 
Intoke Reservoir 


PITTSFIELD WATER WORKS 
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and a 20-in. main running north and south through the center of 
the city. 

It was not deemed necessary, however, to do all the work at a 
time when the consumption of the city was less than 4 000 000 gal. 
per day. It was, therefore, decided to lay at the present time the 
main from Ashley intake to the distribution system, an 18-in. main 
for the greater portion of the distance from the 24-in. main from 
Ashley intake to the Mill Brook intake; a 20-in. distribution 
main through the center of the city; a 20-in. distribution main to 
the westerly side of the city, and leave the construction of the 
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remaining mains until such time as they should appear to be 
needed. 

As the additional 18-in. pipe from the Mill Brook intake would 
cause pressures in the cityso much higher than had been customary, 
and as the 12-in. pipe from Ashley intake to the city was so old, 
it was decided to introduce pressure reducing valves so that the 
extreme pressure at City Hall and on the 12-in. pipe would not 
exceed 75 to 80 Ib. 

If all the valves between the Mill Brook intake and the Ashley 
intake were left open, the Ashley intake reservoir might overflow; 
consequently check valves were placed on by-passes and positive 
gates opposite the check valve on the two mains near Ashley intake 
so that the flow into Ashley Lake could be regulated by the positive 
gates, and the check valves, opening toward the city, would open 
if the pressure dropped in case of fire. 

_ The additional water supply for the city of Pittsfield was in 
charge of the committee on water supply of the city, consisting of 
Mr. W. H. Swift, chairman; Mr. James W. Hull, Mr. Arthur H. 
Rice, Mr. Edward A. Jones, and Mr. Daniel England. Mr. Hull, 
however, died before the actual work was well under way. Mr. 
A.B. Farnham, engineer of the board of public works, was principal 
assistant engineer, and Mr. John L. Howard was resident engineer 
of the Farnham Dam and Reservoir, and the writer was chief 
engineer on the Farnham Dam and Reservoir, and consulting 
engineer on the additional pipe lines. 
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TORRESDALE FILTER PLANT: METHODS AND 
RESULTS, 1907-1913. 


BY FRANCIS D. WEST, CHEMIST IN CHARGE, TORRESDALE LABORATORY, 
AND JOSEPH S. V. SIDDONS, SUPERINTENDENT, TORRESDALE FILTERS. 


[Read September 10, 1913.] 
CONDITION OF DELAWARE RIVER AT TORRESDALE INTAKE. 


The Delaware River rises in the southeastern part of the 
state of New York, about 190 miles above Philadelphia. The 
upper part of its watershed is mountainous and sparsely settled. 
The area of the watershed is about 8 600 sq. miles. The river 
is tidal to Trenton, about 18 miles above the Torresdale 
intake. 

The principal affluent of the Delaware above Philadelphia is the 
Lehigh River, which flows through anthracite regions and reaches 
the Delaware at Easton, about 75 miles above the city. The 
principal cities and towns above Philadelphia are Easton, Bethle- 
hem, and Allentown, on the Lehigh; Trenton on the Delaware; 
and the smaller places within a few miles of the Torresdale plant 
are Bristol, Burlington, and Riverside. 

The Torresdale intake is about 12 miles above Chestnut Street 
Wharf. It is about 0.25 mile from the Pennypack Creek, which 
receives the sewage from Holmesburg, and the County Prison 
and House of Correction. The Pennypack Disposal Plant was 
built to take care of this sewage. The intake is about 3 miles 
above Frankford Creek, which is an open sewer and which drains 
a very thickly populated district. About eight sewers empty into 
the Delaware between Torresdale intake and Frankford Creek. 

By far the worst pollution of the Delaware River comes from 
the city of Philadelphia, for every flood tide brings heavily polluted 
water up past the intake. This is especially the case when a 
heavy wind from the New Jersey shore prevents much mingling 
of the sewage with the purer water of the channel. To give 
some idea of what the conditions were before the Torresdale 
plant was started it is only necessary to state that the intake at 
Lardner’s Point, which was then used, is only a half mile from 
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Frankford Creek, with several large sewers discharging nearby, 
so dilute sewage was pumped on both tides. Bacillus coli com- 
munis is present in over 99 per cent. of the 1 c.c. tests and in 
about 90 per cent. of the tests of 0.1 c.c. 

The range in bacteria in the Delaware River, together with 
that of the Filtered Water Basin for 1912, is given on Table 1. 
The range for turbidity for the same year is given on Table 2. 
Table 3 shows the turbidity for 1907 to 1912 inclusive; maximum, 
minimum, and average. Table 4 gives the corresponding bacteria. 
The results of chemical tests are given in Table 5. 


TURBIDITY. 


The normal turbidity of the Delaware River varies between 10 
and 30, with an average of about 15 (between April and December). 
Occasionally, if winter sets in with heavy rains, the turbidity may 
reach 100 to 200, and the Torresdale plant will be overtaxed about 
the time of freezing temperature; ordinarily this is not the case 
and the river has a turbidity of 30 until the spring freshets, late 
in February. 1911 was an open winter and the turbidity was low 
all of the year. In 1912 the ground was frozen and covered with 
snow until February 22, when heavy rains brought down practi- 
cally all of the winter’s débris; the maximum turbidity, 1 050, was 
reached March 17. During the five years that the Torresdale 
plant has been in operation, the turbidity of the river has been 
100 or over on 62 occasions, and between 50 and 100, 32 times, 
an average of 12 and 6 times a year respectively. In 1909 for 
nineteen days the turbidity was 100 or over. In 1911 a turbid- 
ity of 100 was not reached. 

Compared with other rivers in the vicinity, the Delaware may 
be considered as having a remarkably low amount of dirt in sus- 
pension; although when we figure out how many pounds of dirt the 
Torresdale filters remove in a year, the figures are remarkable. 

Taking the figure 36 parts per million as the average amount of 
dirt removed by the filters during 1912, for every million gallons 
of water there are 300 lb. of mud; filtering at a rate of 200 million 
gal. a day, about 60 000 lb. of mud per day, or 22 000 000 Ib. per 
year, are removed. On March 17, the turbidity was 1 050, of 
which 1 000 parts were removed, or 1660000 lb. of mud in one 
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day. During the two weeks previous about 6 million lb. or 3 000 
tons of dirt were filtered out of the water. 


BACTERIA. 


The bacteria count of the Delaware River fluctuates greatly, 
depending on the tide, from a few hundred to several thousand. 
The count is lowest at low tide and increases with the incoming 


tide. (Tables 1 and 3.) 
CHEMICAL TESTS. 


Of the chemical tests, those of “‘ Oxygen consumed ” and “ sus- 
pended matter” are the most interesting and valuable. The 
organic matter in the Delaware is relatively high; about two parts 
are in solution. The coefficient of fineness, the ratio of the 
weight of suspended matter to the turbidity, is slightly over unity 
and the ratio of fixed to volatile suspended matter is about two 
to one. The Delaware is relatively soft; the hardness ranging 
from 26 to 69 and the alkalinity from 12 to 46, averaging about 


26 parts per million. 
MICRO-ORGANISMS. 


The operation of the Torresdale Filter Plant is seriously affected 
by micro-organisms, which usually occur in greatest. numbers 
in spring and summer, when the turbidity is least. During May 
and June of 1913, when the turbidity of the river was about 12, 
and that applied to the final beds 3 or thereabouts, the final beds 
went out of service very rapidly. In addition to the micro- 
organisms themselves, the water contains considerable amorphous 
matter, which forms a hard paste on or near the surface of the 
filters. 

The forms most commonly encountered are the diatoms and 
green alge. Of the Diatomacex, the form most prevalent is the 
Synedra, followed by Cyclotella, Asterionella, Cymbella, Amphora, 
and Pleurosigma in the order named, although 90 per cent. are 
Synedra and Cyclotella. The diatoms are most plentiful in Feb- 
ruary and again in May, declining during the hot months, but 


always remaining present. 
Of the Chlorophycex, Protococcus is the most numerous, then 
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Conferva, Scenedesmus, and Staurastrum. Protococcus makes up 
about 80 per cent. The alge of the chlorophyll type start during 
May and follow the temperature curve, declining rapidly in 
November. 

Generally speaking, the Delaware River is relatively clear and 
free from fine silt for the greater part of the year; the turbidity 
is largely organic, fairly coarse, and removed readily by roughing 
filters, but containing considerable fine amorphous material 
which chokes up slow sand filters. It contains, in summer, 
many micro-organisms which decrease the runs of filters. In late 
winter the turbidity averages over 100, and is composed largely 
of fine clay. The water is badly polluted, and B. coli are always 
present, necessitating disinfection after filtration. 


CONDITION OF TORRESDALE FILTER PLANT AT TIME OF STARTING, 
4, 1907. 


The main plant, or slow sand filters, is composed of 65 ?-acre 
beds with terra-cotta underdrains and the usual gravel supporting 
from 26 in. to 36 in. of sand of .25 to .35 mm. effective size and 
about 2 per cent. coefficient of uniformity. The first 24 beds 
contained about 36 in. of sand, and the remainder about 26 in. 

The Torresdale Filtration Plant was started July 4,1907. About 
25 beds were ready for service; some others contained gravel, and 
the remainder neither sand nor gravel. The pumps for washing 
sand had not been installed. 

Due to the high typhoid rate in the district supplied with water 
from the Delaware River and to the fact that promises of starting 
had been made from time to time, it was considered advisable not 
to await the completion of the plant but to filter as much as pos- 
sible, knowing that even unfiltered water from Torresdale intake 
was better than that at Lardner’s Point. The outer intake was 
not ready, so Gate House No. 2 was used, taking water from a 
temporary channel about 200 ft. long. 

At the start, 40 million gallons were filtered daily. The output 
was increased gradually as the filters received their quota of sand, 
26 in. of sand being placed in the filters instead of 36 in., as had been 
intended originally. 

By November 7, the plant was filtering 60 m.g.d.; by April 13, 
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1908, the quantity was 86 m.g.d., and by May 12, 110 m.g.d., 
the maximum without pre-filters. The maximum rate was 3 
million gallons per acre daily. Table 6 shows the yield from the 
filters from the first run, 1907-1908. 


BROOKLYN METHOD. 


As has been siated, the wash pumps were not ready and so it 
was necessary to resort to other means of washing sand. The 
Brooklyn method was used. 

This method originated in the Department of Water, Gas, and 
Electricity of the City of New York, and had been used success- 
fully at Jerome Park and Hempsted. It obviates the removal 
of sand from the filter. 

“The water is drained to a depth of a few inches above the sand 
surface and the outlets, which permit the water remaining above 
the surface of the sand to flow off, are opened. The wash water 
is applied at one end of the bed and flows over the sand with a 
velocity of about 0.5 ft. per sec. The direction is guided by boards 
set on edge, thus forming channels of the width of a bay, or 15 ft. 
As the water flows over the sand the layer is raked by men standing 
on the surface until the water runs practically clear, when the 

water is applied through the usual inlets and filtration resumed.” 
' This method was used until March, 1908. It was not a success, 
due to the peculiar quality of the sediment; the combination of 
amorphous organic material, clay, and micro-organisms formed a 
hard pasty-like layer extending down for a depth of about 4 in. 
and of such a consistency that it was possible to hold a large 
cake of it on the hand without its breaking apart. 

As would be expected with green filters, the efficiency during 
1907 was not high. The runs were short, and after the output 
had reached 100 million gal. it was necessary to resort to extreme 
measures to get water through the filters. 

Quantity became all-important; quality was a decidedly second 
consideration. To assist in getting water through the filters the 
method of spading was used. This consisted of going over the 
surface of the filter with a garden spade, thrusting it down to a 
depth of about 8 in., and working it back and forth to break up the 
pasty layer. 
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Needless to state, this caused a further drop in efficiency with 
but little assistance in length of runs. Runs became as short as 
4 million gal. 

Table 7 sbows the yield during the period when the Brooklyn 
method was employed for washing sand. 

The Brooklyn method was finally abandoned, and the upper 
end of the dirty sand was scraped into piles. The filter was then 
put back into service in the usual manner. This method reduces 
the effective size by about 15 per cent. It originated at Torresdale 
and was born of necessity. It is a convenient way to get a filter 
back into service quickly. The effluent compares favorably with 
that from any other method. 

Table 8 shows the yield of the filters at this time. 

As soon as the pumps had been installed, the regulation ejection 
method for washing sand was used, the sand being scraped ‘into 
piles, placed in the ejectors, and carried out with the dirt into the 
court by a force of water under a pressure of 85 lb. per sq. in. 

It was necessary to pare off about 8 in. to get down to clean 
sand. 

Table 9 shows the yield of the filters while this method was in use. 


PRELIMINARY FILTERS. 


These filters are of the mechanical type without coagulant. 
They are arranged in batteries of 15 beds, with two batteries facing 
each filter house, of which there are four; making 120 beds. Each 
bed measures 20 ft. 3 in. by 60 ft. and is controlled by an individ- 
ual operating table. The influent is through a 16 in. hydraulic 
valve in the rear. The filtering material consists of 15 in. of 
gravel, 2in. to3 in.; 4 in. of gravel, $ in. to 1} in.; 3 in. of gravel, 
4 in. to 1} in.; and 8 in., 3 in. to } in., a total of 30 in. and 12 in. 
of sand, with effective size .8-1.0 mm. 

The depth of water over the bed is 4 ft. They are washed by 
reverse flow of water with air. 

The period of washing is, air, three minutes; water, one minute; 
air, two minutes, and water, 1} minutes, when the filters are filled 
and put into service. Washing without air was tried, but it was 
found that the wash water passed through channels and a Rave 
wash was not obtained. 
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The pre-filters have removed over 60 per cent. of the dirt; have 
made it possible to double the output of the plant, giving 210 
million instead of 110 million gal. per day; have enabled the final 
beds to be operated at a maximum of 6 instead of 3 million gal. 
per acre per day; have more than doubled the lengths of runs 
of the final beds, as well as the quantity filtered per run, as will 
be seen by tables; and have made a marked reduction in the cost 
per million gallons filtered. 


REMOVAL OF SUSPENDED MATTER. 


The principal usefulness of a roughing filter is to remove the 
turbidity or suspended material. The average by months for the 
past four years is shown in Table 10, and Fig. 1. 


5 
Turbidity 
65. SEASONAL EFFICIENCY 
TORRESDALE PRE-FILTERS 
se ss \ TurBiDITy 
\ DELAWARE River 
|_ 9945 aved 1909-1912 
| so 20 | / 
0 


January February March April May June July August-September October November December 
Fia. 1. 


It will be seen from Fig. 1 that the amount of turbidity is highest 
in February and March, with a secondary rise in December; 
also that the amount between April and October averages about 
15 parts per million. 

The efficiency seems to vary as the temperature, although this 
may be due to the fact that the turbidity in summer is low; how- 
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ever, the turbidity does rise occasionally in May, when the efficiency 
of the pre-filters is high; both the pre- and final filters appear to 
experience no difficulty in handling a comparatively high turbidity 
if it comes after the last of April. It will be seen that the efficiency 
is but 50 per cent. in March and nearly ninety in July. 


REMOVAL OF BACTERIA. 


This is of secondary importance, but the pre-filters have aver- 
aged for the four years as follows: 1909, 62.6 per cent.; 1910, 68.1 
per cent.; 1911, 65.5 per cent.; 1912, 60.4 per cent. The effi- 
ciency varies from sample to sample without any apparent consis- 
tency; there is an apparent removal of 90 per cent. one day, and 
60 per cent. the next. 

Table 11 gives the bacterial efficiency for 1911 and shows the 
number of bacteria in the river, in the effluent of the pre-filters, 
and in that of a typical slow sand filter for a normal year, 1911. 

As a rule, when the turbidity efficiency drops, with high tur- 
bidity, the bacterial efficiency drops as well, though not so 
markedly. 

Generally speaking, the pre-filters remove about 65 per cent. of 
the bacteria. 

The efficiency in removing micro-organisms is about 60 per cent. 
but it is thought that they grow on the final filters in spite of the 
fact that the covers are kept closed. 

The following table shows the lengths of runs of pre-filters: 


No. Per Cent. Average 
Wash 


Year. * er Days Run per Turbidity. 
Washing. ter. Water. Filter. 


* Washed at 3-ft. loss of head. 


After continuous use for four years the amount of sand has been 
reduced by about 2 in., due to loss in washing and to the fact that 
some has fallen through to the gravel; the finest gravel and some 


1909 12 648 105 & 3.4 37 ‘ 

Fe 1910 40 119 334 1.0 pe 25 

: 1911 22 763 190 6 1.9 16* 

1912 19 130 159 me 2.3 37 


o'9¢ SI o¢ O9T Tg GES 9€ 
9ES GS LT T¢ 96 £9 * * NT 
= L0Z 9% 61 6€ Zor 09 est 
961 V9 99 18 e¢ Ste 19% 608 Tay 
< L9G £8 98 69 66 6F 998 yore yy 
SIP 89 0g 16 TP 802 FOr T8Z Avenue 
2 606T 
‘NOY SAvq ‘SNOTIVS) NOITIIP 


SVM GNVG 40 STOHOIN NAHM GOING ONINOG WOUd 
‘Ol ATAVL 


378 


7 
| 
| 
| 
} : 
| 
i} 
| 
| 
i 
1} 
i] 
: 
1] 
1] 
| 
i} 
| 
| 
| 
} 
3 


T 


LZ 
0% 
6T 
0% 
£6 
9 


One 
Heit 


i WEST. 379 
4 ‘$2 888 5 
‘3S SBS S93 

y REF RBS 8 : 

| sae 255 


HOt AHS 
Gao NAS MOK 
828 
SAR 
AHH NDNA 
MOT 


TORRESDALE FILTER PLANT. 


*a10 


“NOY “SNOTIVS) 


SVM GNVQ DNINVAID 40 STIOHOIN NAHM ontuad SUAL WOUd 
"ZI ATAVL 


380 
S82 B98 828 388 7 
| 
| 
| + 
| 53 885 S85 S55 
| RSS S28 = 
| 
| ; On ox : 
| 888 358 S88 238 
goa ERE $5 
Sas 


WEST. 


“posn st oy} 
doop oy} Wor ynq YIOM MOY 07 UATPOOIg YIM 41838 03 O18 OM 

deep oy} Zurmoys pus ‘judy “ul QT Jo 10; 07 SEA JO OY} 
“poyjeur uotjoefe 943 

pus sty Aq jo syydop 04} PIBA UT oy} Os ‘pouBe[o pu¥s Jo ‘pA “Nd 0} spuodseiz00 youl 
“6061 ‘Arenigey Ul B GIG 10} SABP ZZT Jo ‘uns 

puooes ZuIeg oy} ‘poyour sty} Aq ‘sABP 94} Jo A104STY 94} UT UNI OY], 
‘ZIGI PUB ‘OOT ‘TIGT ‘S6I ‘ZI ‘606I 

“189A BY} JO 48901 OY} 04} YNOGE pus [HUN Zulsvoi0ep suns 94} JO OY} ‘suns 


POL, 
108 08 6h 1g est 102 ze 
618 Lit IF ze SF LIT 06 
861 eT oe 0g oe 16 02 
$601 | 68 FL 661 6FT OZT wdy 
£82 0'*9 1Z II 98 08 09 0g LIT 1Z 
992 Ze 1Z g¢ SF get 6¢ Arenuee 


gee 
ia : as 
| 
| 
| 
| 
| 


382 TORRESDALE FILTER PLANT. 


of the next grade are mixed with the sand. In a couple of years 
at most the material will have to be regraded; except for this, the 
plant is operating as effectively as it did at the start. 

There is no question that if we had about 24 in. of sand instead 
of 12 in. the efficiency would be greater in winter. 

The maximum output of the plant was 240 million gal.; the 
average has been about 200 million since the starting of the 
pre-hiters. 

METHODS OF CLEANING FINAL FILTERS. 

Almost coincident with the start of the pre-filters was the in- 
troduction of the Nichols machine. This, together with raking as 
an auxiliary, has practically superseded all others at Torresdale. 


NICHOLS METHOD. 


Mr. E. M. Nichols, after experimenting for about three months 
at Torresdale, designed a machine which enables the operator 
to wash the sand on the filter without ejecting, thereby saving 
about 25 cents per cu. yd. It has the further advantage that the 
thickness of the filter is not reduced and the danger of breaking 
through is greatly lessened; moreover, the filter can have the rate 
changed with less danger of reducing the efficiency. 

The machine consists of an inverted cylinder inside a closed 
jacket. The dirty sand is fed into ejectors in the usual manner, 
and the wash water with the sand and dirt instead of going out to 
the court passes through the machine. The water strikes the side 
of the cylinder and the sand, being heavy, drops to the bottom and 
is allowed to pass through a nozzle and spread on the filter It has 
a turbidity of about 150 to 200, i. e., 100 gm. of sand in 1 000 ec. c. 
of water. It uses but 1 200 gal. per cu. yd. instead of 2 800 used 
by ejection method. 

About 2 per cent. of the fine sand goes out with the water and dirt 
to the court where it settles, the water and dirt going to the sewer. 

The depth cleaned at one time by this machine depends upon 
the penetration and may vary from a couple of inches to 8 or 10 in. 

Sometimes a preliminary cleaning will be given if the filter is 
needed when the upper inch or so is removed, reserving a deeper 
cleaning for a later date when the pressure for water has been 
relieved. 
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Table 12 gives the yield of the filters while the Nichols method 
has been in use. 
RAKING. 


This is going over the filter with rakes and breaking up the 
schmutzdecke, enabling the operator to get several million gallons 
at a very low cost. We rake once and sometimes twice between 
washings. 

In 1912, at the time of the flood, practically every method except 
the Brooklyn was used to get the water through, and if it had not 
been for the hypochlorite, the water would have had a very high 
count and contained pathogens. 

Table 13 gives the yield of the filters while the raking method 
was used. 

Table 14 gives a summary of the results from the different 
methods of cleaning sand. 


LOSS OF HEAD IN SPRING. 


There is one period of the year when we have what we call a loss 
of head; this may last for a couple of weeks or only for one or 
two days. 

It usually follows the spring freshets when the water has become 
normal and the turbidity low. The filters instead of increasing in 
resistance decrease, and the head drops. There appears to be 
something that destroys the schmutzdecke at this time faster than 
it forms. On a couple of pans that we had placed in one of the 
filters previously we found from 200 to 300 snails. These may 
or may not have had something to do with the loss of head. The 
bacterial efficiency at this time remained high. 


GENERAL EFFICIENCY OF PLANT. 
The average bacterial efficiency has been as follows: 


We have on many occasions had counts of o per c.c. (on gelatine) 
in not only the filtered water basin but the effluent of filters. 
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The average count for the basin under normal conditions is 
below 10. 

The water is clear with a turbidity of 0 for about forty-eight 
weeks of the year. 

We are putting out enough water to supply London: are 
operating our slow sand filters at twice the standard rate: we have 
no sedimentation basin but must take the water in large doses 
just as we find it, and we have an effluent which compares favor- 
ably with that of any plant in existence. 


HYPOCHLORITE. 


Bleach was first used at Torresdale in the form of hypochlorite 
of soda produced electrolytically, during September, 1909. Two 
cells manufactured by the National Laundry Company were used. 
A current of 35 amperes at 110 volts was used to decompose a 
brine solution. The temperature of the bleach solution averaged 
110 degrees fahr. The chlorine and the soda were allowed to 
recombine and the temperature was so high that chlorates were 
formed. 

The bleach was applied directly in front of the inlet valve of 
one of the pre-filters operated at a 20 million gal.rate, or 44 normal. 
The conclusions were, in part, that the bacterial efficiency of the 
filter was considerably less than that of filters operated at four 
times the rate without treatment. 

Hypochlorite was again used in December, 1910. Due to the 
fact that the bacterial efficiency of slow sand filters decreases 
materially in cold weather, and the fecal organism, B. coli com- 
munis, was present in the filtered water, it was decided to use 
chloride of lime to disinfect the water in the filtered water basin. 

The plant consisted of two cedar mixing tanks, 5 ft. in diameter 
and 4 ft. deep, and one solution tank of the same dimensions, and 
a yellow pine orifice tank, cubical in shape, 2 ft. on a side. 

The cedar tanks were perforated by the bleach and were later 
lined with cement, decreasing the capacity from 500 to 380 gal. 
A concrete orifice tank was substituted for the wooden one. 
Mixing is done by hand, by two laborers using paddles, the period 
of agitation being about an hour. Analyses are made of the 
solution in the tanks, of the powder, and of the sludge. 
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At the start 540 lb. of powder were used for 200 million gal. of 
water. The treatment was continued for the first four months of 
1911, when it was stopped until December. 

During the five months of 1911, when bleach was used, the 
number of positive tests for B. coli in the filtered water was as 
follows: 


1911. 
FILTERED WATER Tap at LARDNER’S 
Basin. Pornt. 
Per Cent. | Per Cent. | Per Cent. Per Cent. 
+ + + + 
10C.C. | 1C.C. 10 C. C. 


January, April, and December 4.0 13.3 2.4 12.9 treated 
May to November inclusive..| 14.5 58.0 10.0 48.6 untreated 


May to November the efficiency of the filter plant is at its 
highest and the bacteria count low, averaging less than 20 per c.c. 
During 1912 and 1913 the treatment has been continuous and 
the figures are: 
1912. 


Firterep WarTER Basin. Tap at LARDNER’s Pornt. 


No. |1C.C.| Per |10C.C.| Per No. 1C.C.| Per |10C.C.| Per 


364 15 4.1 | 80 22.0 | 302 6 2.0 51 16.9 


This shows a considerable reduction over 1911, but the results 
are still too high. 
§ During 1912, when 14 part or more was used, the figures were: 
Filtered Water Basin, 1 c. c.+, 2.5 per cent.; 10 c. c. +, 14.9 per 
cent. Lardner’s Point, 1 c. c. +, 1.1 per cent.; 10 c. c. +, 9.1 
per cent. 

For the first seven months of 1913, during which over 4 part 
has been used continuously, the following figures have been 
obtained. 
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For the Filtered Water Basin, out of 212 tests of 1 c. c. but two 
were positive, or 0.9 per cent.; for 10 c. c., 7 were positive, or 3.3 
per cent.; and for Lardner’s Point the percentages are .6 per cent. 
and 6.2 per cent. 

This is a reduction from 1910 for 1 ¢. c. of 12.7 per cent. to .9 per 
cent., and for 10 c. c., 38.8 per cent. to 3.3 percent. It must be 
remembered in this connection that during 1910 the bacteria 
efficiency was 99.36 per cent. 

We consider this most remarkable, showing as a positive proof 
the value of hypochlorite, especially in strengths of 4% to 1 part 
powder, corresponding to % to 4 part chlorine. 


CONCLUSIONS. 


As constructed at present, using hypochlorite, the Torresdale 
filtration plant can and does produce an effluent that is almost 
entirely free from pathogenic bacteria, that is, perfectly safe to use 
without boiling or further treating, but one that is not always clear. 

A plant constructed as Torresdale, without any sedimentation 
basin, is utterly unable to cope for any prolonged period with 
water having a turbidity of over 100, that is, with the slow sand 
filters operating at a six million rate. When such a condition is 
reached, the pre-filters fail to do their proportion of work, and the 
final filters choke badly, allowing fine silt. to pass through them. 
This choking necessitates cleaning for twenty-two hours a day, 
with 55-58 filters doing the work of 65 and depending on hypochlo- 
rite to reduce the number of bacteria and destroy the pathogens, 
which it does. 

Fortunately the periods of turbid water occur but seldom and 
are of short duration. 

The pre-filters should be changed and operated like ‘the coal 
filters at Steelton, or a sedimentation basin should be constructed, 
using alum to coagulate the water. 

But, to summarize, including the very worst periods the bacterial 
efficiency of the Torresdale filter plant averages over 99.5 per 
cent.; the water is clear and sparkling at least forty-eight weeks 
of the year, and is perfectly safe to drink at all times. 
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DISCUSSION. 


Pror. GeorGE C. WuipPie.* This is one of the largest filter 
plants in the world, perhaps the very largest, and up to the present 
time we have not been able to study the results of its operation. 
This Association should consider itself fortunate in having these 
data presented to it. There are many interesting points of detail 
in this paper. 

The frank admission that the preliminary filters have failed to 
do the work that was expected of them is important but not sur- 
prising to those who have studied the theory of their action. 
These preliminary filters act virtually as sedimentation basins, 
and it seems to me that it is perfectly natural that they should 
give a higher efficiency in the summer, when the water is warm, 
than in the winter when the water is cold and more viscous. That 
is generally true of sedimentation, and it is also true. of filtration. 
The results shown here at Torresdale follow the theory very closely. 

In the analyses of water before and after filtration which Mr. 
West has given us we find merely average figures arranged by 
months. This is the common practice, but when I think of the 
thousands of analyses that must have been made in his laboratory, 
three times a day at very many different places, and when I com- 
pare this very large number with the simple averages by months 
that he has shown us, it seems to me that a good deal has been lost 
from the record, and that we are not getting all of the information 
that we would like to get. This is not true of Mr. West’s paper 
alone; it is true of almosu al! reports of filter plants that are 
published to-day. I feel that something is wrong in the way in 
which we use the information that we accumulate at so much time 
and expense. What we really want to find out in regard to a 
filter plant is whether it is operating regularly, whether it is giving 
good results, day by day, and hour by hour. Monthly averages 
do not tell us this. It seems to me that it is high time that as 
engineers we took this matter up and discussed it in all seriousness, 
to see if we cannot devise some better way of using che information 
that we are getting than we are doing at the present time. And 
I think that it would be very fitting for this Association to have a 


* Professor Sanitary Engineering, Harvard University. 
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committee appointed to consider this matter, not only the subject 
of analyses, but all other statistical facts in connection with the 
operation of filter plants.* A large percentage of the water that is 
served to the people of this country to-day is filtered water, so 
that the subject is one of wide import. 

I hope that Mr. West will include in the further discussion of 
his paper some of the diagrams which he has placed upon the screen 
this evening, and also some of the photographs and cost data. 
I am sure we should all be glad to have them in the JouRNAL. 
We are certainly very much indebted to Mr. West for his valuable 
contribution to the literature of filtration. 

Mr. Joun H. Grecory.t Mr. West’s paper on the Torresdale 
filter plant is one which is extremely interesting to the speaker, 
as he was formerly connected with the city of Philadelphia and was 
in charge of the design of the slow sand filters. There are many 
interesting points that could be taken up in connection with the 
design and operation of the plant, but the time at our disposal 
is too limited to more than consider one or two. 

Mr. West has spoken about one method of cleaning filters, 
that is, scraping and piling, without removing the sand from the 
filters, and stated that it had been used at Torresdale. It may be 
of interest to say that the same method was used at Albany, 
N. Y., in 1899. It was shortly after we started the slow sand- 
filter plant there, and it was possibly in the second or third run of 
the filters. The plant at Albany was started up under somewhat 
similar conditions to those at Torresdale; that is, the plant was 
not finished, but it was desired to furnish filtered water to the city 
at as early a date as possible. At that time the sand washers at 
Albany were not complete, nor was the court entirely paved. The 
first filter runs had been made and it became necessary to clean 
the filters. The sand was taken out from several filters and piled 
in the paved part of the court. In the other filters, as there was 
no opportunity to store the sand outside, the means was resorted 
to of scraping and piling the sand in the filters, after which the 
filters were put back in operation. As far as the speaker knows, 
that was the first time that this method was used in this country. 


* For further discussion on this suggestion and appointment of committee see page 465. 
+ Consulting Engineer, New York. 
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At the time that the slow sand filters at Torresdale were designed, 
the question of whether to build a sedimentation basin or pre- 
liminary filters for the preliminary treatment of the Delaware 
River water had not been definitely settled. The city was then 
experimenting at the Spring Garden testing station with sedimen- 
tation and also with preliminary filters. One of the original 
schemes considered was the construction of a sedimentation basin, 
practically out in the river, on the east side of Delaware Avenue 
and north of the present pumping station, and to pass the water 
through it before pumping it to the filters. The building of the 
preliminary filters instead of a sedimentation basin was not 
decided on, however, until some time after the speaker had severed 
his connection with the Philadelphia work. 

It occurred to the speaker, when Mr. West was speaking about 
the character of the Delaware River water changing with the swing 
of the tide, that had a settling basin been built it would have been 
advantageous to operate it along the lines that the speaker observed 
when he visited the Antwerp filter plant. The practice there is to 
pump the water from the river to the settling basin at practically 
the end of the ebb tide; when the tide turns and comes back up 
the river they shut off pumping and wait until near the end of the 
next ebb tide before resuming. By this method of operation 
they get a very much better character of water to purify. The 
river from which the water supplied to Antwerp is obtained is 
more or less polluted at the water-works intake, especially so when 
the tidal currents are running upstream. 

Mr. Joun C. Travtwine, Jr. Mr. West’s paper refers prima- 
rily to the quality of water; but, between the lines, we may 
read an important message on that question of quantity which is 
the all-important question, underlying the entire problem of the 
Philadelphia supply. The merits of this question are so well 
known to all present that any extended discussion of it here would 
be inexcusable; but I am tempted to say a word, in view of the 
suggestions in Mr. West’s paper, and especially in connection with 
what Mr. Gregory has just told us about the operation of the plant 
at Antwerp. 

Referring to the early days of the Torresdale plant (1908), 
Mr. West uses the significant words: “‘ Quantity became all im- 
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portant; quality was a decidedly second consideration ”; and he 
tells us that those in charge were glad to take refuge behind the 
fact that, rich as their effluent then was in impurities, it was a 
distinct improvement upon the awful stuff which the city fathers 
forced me to pump while I was in nominal charge of the Phila- 
delphia Water Bureau. 

Near the close of his paper, Mr. West says: ‘‘ We are putting 
out more water than would supply London,” a city with about 
four times our population. Allowing for difference of legitimate 
use, between the Londoners and ourselves, we are safe in saying 
that we are expensively pumping, filtering, storing, and distribut- 
ing more than twice as much water as our people, with their best 
efforts, can possibly use and enjoy, more than half of this filtered 
water being thrown into the sewers unused; and this in spite of the 
fact that four fifths of our people are using water reasonably, the 
entire waste being perpetrated by the remaining one fifth, who 
themselves derive no benefit from the waste. 

As a result, the works are strained, night and day, in their efforts 
to fill a sieve; and the taxpayers are constantly threatened with 
more big bills for more big works which are not needed; the present 
works being more than ample (under common-sense methods) for 
a city twice our size. 

Mr. Gregory has just told us that, at ane the works are 
shut down during the flood tide which brings polluted water to 
the intakes, the use of this polluted water being thus avoided. 
Such a course is impossible with us, because the works must be 
driven twenty-four hours per day, to avoid shortage. This of 
course precludes also the making of essentia] repairs, and the works 
are therefore undergoing rapid deterioration. 

In the matter of quality, the Philadelphia works are incom- 
parably ahead of the conditions which obtained during the dark and 
gloomy days of my chiefship; but, as to quantity, there has been 
but little if any improvement; and the pathetic part of it is that 
there is no need for such a situation. 

Those at present in charge of the Department of Public Works 
have announced their desire to curtail the waste; and the city 
charter expressly places the direction, control, and administration 
of the works in the hands of that department, expressly prohibits 
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the city councils from interfering with or directing the exercise of 
the executive functions of the department, and expressly com- 
mands the city councils to provide for the proper and efficient 
conduct of the works by the department. 

If the city charter means anything, it means that the direction 


_of the public works shall be taken out of the hands of a body of 


butchers, bakers, candlestick makers, and bartenders, and placed 
under the contro] of men presumably qualified, by education and 
experience, to understand the problems involved. 

And yet the city councils, disobeying the city charter, and usurp- 
ing the functions given by the charter to the department, do inter- 
fere with and presume to direct the exercise of those functions, and 
they do not provide for the conduct of the works by the depart- 
ment. 

We are told that we must submit to the deplorable results of 


_the prodigious and preposterous waste, because, forsooth, city 


councils forbid the department to restrict the waste in its own way, 
and refuse to provide the necessary funds. 

I long to see the administration go into court, dragging councils 
in by the nape of the neck, and compelling them, by mandamus, 
to perform the duties imposed upon them by the city charter. 

I understood Mr. West to say that he was not prepared to give 
us the costs of filtration under the present method used. Is 
there any one else present who can give us that? 

Mr. JosepH S. V. Sippons. I think I can give you that in- 
formation. The cost of removal for the first year, 1908, was 
$2.44 a million gallons; for the piling, 57 cents a million gallons; 
the Brooklyn method was $1.64, the Nichols method $1.96; the 
rake filters cost us 18 cents a million gallons. In 1909 the Nichols 
method had dropped to 81 cents a million gallons, the removal to 
67 cents, and the first rake was 7 cents a million gallons, the second 
rake 11 cents, and the third rake 15 cents. The piled filters were 
54 cents a million gallons; and then seven filters were raked after 
they had been piled. For this we got the water at 18 cents a 
million gallons. In 1910 the Nichols method was 91 cents a 
million gallons and 38 cents per cu. yd.; the removal was $1.21 
a million gallons and 41 cents a cu. yd.of sand. First rake cost 8 
cents; second rake cost 13 cents; third rake cost 19 cents. At 
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that time we started to resand with the Nichols machines 
and that cost us 25 cents a cu. yd. during that year. In 
1911 the Nichols method was still 38 cents a cu. yd., with $1.04 
per million gallons, and the removal 54 cents a cu. yd. and 87 
cents per million; the piling was 44 cents. First rake cost 6 cents, 
second rake cost 12 cents, resanding cost 31 cents per yd. The 
reason for the increase on resanding was due to the fact that in 
the case of the first filters that we resanded by the Nichols method 
the sand was taken from the bins right in front of the doors, and 
of course we had a longer throw from our sand bins into our filters. 
In 1912 we had $1.28 for the Nichols method and $2.13 for removal. 
And, by the way, the reason of that high cost for removals was that 
we did not take more than 2 in. of the penetration from our filters. 
We had at that time (1912) penetrations as great as 16 in., although 
the average was about 12in. On the rake filters the first rake cost 
5 cents and the second rake 9 cents. We did not undertake to 
rake the third time in 1912, because we found that the second rake 
was not giving us what we would expect from those filters. The 
average at that time was forty-five million gallons per filter, giving 
us only fourteen days’ run. Instead of doing that, we piled the 
filters; some of our filters we piled the second time. We spaded 
one, two, and three times. As Mr. West said, we used every 
method that it was possible to in order to get the water. The re- 
sanding, which was done with the Nichols machines, was 26 cents 
a million gallons. 

To summarize those figures and to take them for all four years, 
the cost of the Nichols method was $1.09 a million gallons and 37 
cents a cu. yd.; the removal method cost $1.51 a million gallons 
and 40 cents a cu. yd.; the resanding was 25 cents acu. yd. The 
raking up until the beginning of 1912 cost us about $5.50 per 
filter; but at that time we devised another method, that is, we 
changed the method of raking, and brought it down to $4 per 
filter. This gave us 5 cents for first rake, 8 cents for second rake, 
and 32 cents for third rake, for the average for the four years, al- 
though we did get as low as 3 cents per million gallons for first 
rake. 

Possibly it would be interesting to compare the different methods 
for yields. At the start, as Mr. West said, the average was 47 
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million gallons filtered daily. The Brooklyn method average was 
19 million gallons; the average for removal was 74 million gallons, 
and 379 million gallons for the maximum. The average was 
150 million gallons for the Nichols method, which was double 
any of the other methods, and 569 million gallons for one filter 
from the Nichols method. That was a run of one hundred and 
forty-eight days. We consider that a rather remarkable run — 
569 million gallons. The spaded filters gave us 51 million gallons 
for an average and 90 million gallons as the maximum. Filters 
raked once, 85 million gallons; filters raked twice, 52 million gal- 
lons; filters raked three times, 41 million gallons; piling, 35 mil- 
lion gallons. Of course, as one of the gentlemen said, these figures 
are averages, and in order to get down to a detail it requires rather 
a lengthy article to get these things out. I believe that Mr. Hardy, 
in charge of the Washington plant, had one in the Journal of 
the American Society of Civil Engineers* some time ago, and his 
was quite a lengthy table. But I will say that our filters for 
forty-eight weeks in the year (or very nearly all of that time) gave 
us filtered water at an average of about 99.2 removal, with a 
bacteria count of less than one hundred. 

Mr. Joun A. Krenue.t Mr. President, the speaker has been 
much interested in the paper which Mr. West has presented, and 
also its discussion, particularly that portion dealing with the ques- 
tion of economical methods of filter sand washing. As chief 
engineer of the Water Department at Wilmington, Del., the speaker 
had considerable experience with the method of cleaning filter sand 
by the use of Blaisdell’s Filtration Company’s washing machines. 
This method is strictly mechanical and a full description of it 
canbe obtained by reference to the annual reports of that depart- 
ment. At that time the speaker’s recollection in regard to the 
cost per million gallons of the Blaisdell method of cleaning is that 
it was about $1.10 in the second year of the operation of the plant, 
which compares with what Mr. Siddons has said with regard to 
the Nichols method of cleaning. During the time I was connected 
with that plant I watched very closely the articles appearing in 
the engineering papers regarding the cost of filter cleaning, particu- 


* Trans. Am. Soc. C. E., vol. lvii, 307; vol. lxxii, 301. 
t Sanitary Engineer with Electro Bleaching Gas Company, New York. 
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larly of the slow sand type, and it is my present recollection that 
there were no lower costs than those obtained at Wilmington by 
the use of the Blaisdell machine. 

The Nichols method has been discussed quite extensively, and 
one feature in connection with it which the speaker discussed with 
a number of gentlemen is the question of the loss of fine sand due 
to its escape with the turbid water during the washing process. 
It is the speaker’s belief that it would be of interest.to the members 
of the Association to have Mr. West embody in his summary of 
remarks for the discussion a statement regarding the effect of the 
loss of this fine sand. In one instance, in discussing this question 
with a gentleman who was in charge of another plant, there was 
some thought that this loss of fine sand would have to be replaced. 
Whether that is actually the case or not, however, is open to ques- 
tion. 

The speaker was interested also in Mr. West’s remarks regarding 
the organic matter, particularly his statement to the effect that 
this subject had not been thoroughly studied and presented before 
the several associations; that is, the effect of the organic matter. 
He distinctly recalls that, shortly after the beginning of the opera- 
tion of the Wilmington plant (it had been in operation something 
like three months, through the early spring), in March during a 
very warm period the water from the sedimentation basin after 
some three or three and a half days’ storage had as much as two 
thousand microscopic organisms per cubic centimeter. And this 
water was discharged on to the filters at the time when we were not 
making regular microscopic examination of the water. Inside of 
seventy-two hours the entire plant was out of service. This 
would have resulted in delivering the raw water from the reservoir 
to the city if it had not been that the Blaisdell machine came to 
our assistance. With it we were able to wash a one-third acre 
bed in about four hours, and get it back in service again. That 
really shows one advantage of this method of cleaning. In ad- 
dition, the method has the advantage of reducing the first con- 
struction cost by reason of the filter area required. That is to say, 
the time out of service of any section of a filter plant increases the 
total area of that plant very materially, in order to have ample 
reserve during the washing period. This reserve area is very 
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materially cut down by the use of the Blaisdell method. The 
speaker would not want to say positively (it is a matter of record 
in the Wilmington Water Department reports), but it is his recol- 
lection, that there was only five per cent. of the time that the 
filters were out of service, while in the ordinary slow-sand plants, 
with the ordinary methods of cleaning, this time out of service 
is very much more than that I have stated. The method of raking 
the filters, which has within the last three or four years come into 
use, can also be adopted with the Blaisdell machine. At Wilming- 
ton we found that following a washing with the machine the yield 
was not as great as following a raking with the machine. In 
order to machine rake the filters, the water was drawn off the 
surface of the bed, the machine being then passed over the bed, 
the teeth through which the water is ordinarily injected in the 
washing process effecting the raking very much more thoroughly 
on the bed and to a greater depth than can possibly be obtained 
by hand rakes; in fact, it is very much more uniform. The 
speaker’s recollection is that the increased yield due to this me- 
chanical raking was almost 100 per cent. In other words, a yield 
that might be something like thirty million gallons per bed would be 
raised by washing to possibly as much as sixty million gallons. 

Mr. J. S. V. Smppons (by letter). The following tables show 
the actual labor cost per million gallons and per cubic yard of 
sand washed. By the actual labor cost, is meant, the cost of 
cleaning from the time the sand-run door is opened until the 
laborers are out and have moved the washing machinery to the 
next filter to be cleaned. This also includes the cost of raw 
water used for washing sand, for which we charge ourselves $5 
per m.g. 

The laborers receive.$12 per week of 44 hr., or 27.3 cents per hour. 

The total cost of operation per million gallons filtered for 1912 
is shown in the following table; this includes 2 cents per m.g. 
for clerical force on filter records at City Hall; also 12 cents per 
m.g. for coal used for pumping pre-filtered wash water used at 
the preliminary filters, power to operate blowers at the pre-filters, 
and coal used to heat the laboratory and treatment house. 

These figures include all the materials used in the operation of 
the plant, also cost of bleach used in the hypochlorite plant. The 
cost of pumpage is additional to the above. 
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Cost or OPERATING FINAL FILTERS PER M.G. FILTERED. 


Cost oF OPERATING PRELIMINARY FILTERS 
PER M.G. FILTERED. 


Filter attendant 
Labor on grounds 
Maintenance and repairs 


Total cost per million gallons 


The total cost per million gallons filtered since operation was 
started has been as follows: 


Pre-Filter. Final Filter. Total. 


Table 16 gives the amount of sand handled. 


TABLE 16. 
Cusic Yarps oF SAND HANDLED. 


Mertuop. Removat Meruop. RESANDING. 


| 
Av. per 
Filter | Totals. Total. 


36 162 
45 016 
13 716 
11 021 


141 136 18 912 
424 581 124 827 


Maintenance and repairs...............  .10 
Janitor and watchman.................  .02=$1.67 
........ $1.91 
| Year. 

1907* $3.75 

— 1909 $0.26 $1.44 1.70 
es 1910 .30 1.52 1.82 
a 1911 28 1.38 1.66 
Oe: 1912 24 1.67 1.91 
1913f |_| 1.50 1.72 
4 : * Last six months. t First six months. 
| Total. 
v. 

Totals. | | Filter 
ae 1908..... 1 529 306 67 335 239 1339 | 105026 { 
ee 1909.....| 52 567 229 23 227 375 1217 | 120810 
1910.....| 109092} 470 | 24707| 348 980 | 147 515 
a 1911.....| 120 257 452 2 655 133 787 | 133 933 
: 1056 | 186 643 
1134 | 693 927 
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The following figures show the cost of handling sand and some 
wash-water data. 


Average cost to scrape one cu. yd. of sand 
Average cost to wash one cu. yd. of sand. . 
Average cost per cu. yd. to move machinery to next bed 


Total average cost 


Volumes of water to sand 

Cu. yd. of sand per m.g. filtered 

Average cu. yd. of sand washed per hr. (Nichols method) 
Wash water per cent. of total yield, preliminary 

Wash water per cent. of total yield, finals 


Wash water per cent. of total yield, total 


¥ 
1.9 
6% 
4% 


NOTES ON WATER WASTE PREVENTION WORK IN 
NEW YORK CITY. 


BY WILLIAM W. BRUSH, DEPUTY CHIEF ENGINEER, BUREAU OF | 
WATER SUPPLY, DEPARTMENT WATER SUPPLY, GAS AND 
ELECTRICITY, NEW YORK CITY. 

[Read September 10, 1913.] 

Conservation of resources and elimination of waste are to-day 
receiving preferential attention by both municipal and private 
corporations, and in the past three years New York City has 
accomplished results along these lines in her water-supply system, 
unequaled, it is believed, by any other municipality. In 1910 
New York had a per capita consumption of 111 gallons, which was 
lower than that of seven out of the first ten American cities, as 


shown by the following table: 
Daily Water Consumption per Capita. 


Estimated 
City. Population, 1912. 
New York 


Even with this comparatively low consumption, during less than 
three years water-waste work, New York has reduced her total 
consumption from 525 m.g.d. to 486 m.g.d. If allowance be 
made for the normal three per cent. yearly growth in population, 
this reduction is equivalent to 90 m.g.d., or more water than the 
present supply of St. Louis or Boston, with their population of 
nearly three quarters of a million. 

As this reduction has come from a net expenditure of about one 
hundred thousand dollars and a gross expenditure of less than one 
hundred and fifty thousand dollars, the efficiency of the methods 


* The figures given are, as far as possible, for the year 1910. 
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| 
1912. 1910.* 
a 100 111 
: Chicago.......... 2350000 199 235 
es Philadelphia...... 1600000 200 203 
St. Louis......... 710000 118 109 
Boston........... 718 900 125 130 | 
Cleveland........ 660.000 111 102 
Baltimore... ..... 569 000 128 115 
Pittsburg......... 000 236 197 
Detroit .......... 566.000 185 177 | 
Buffalo........... 450.000 310 321 | 
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used cannot be questioned, and an outline of the work should be 
interesting to water-works officials. 


BorouGus OF MANHATTAN AND THE BRONX. 
REASONS FOR UNDERTAKING WATER WASTE PREVENTION WORK. 


The Boroughs of Manhattan and The Bronx obtain their supply 
from the watersheds of the Croton, Bronx, and Byram rivers. 
The continuity of the supply is absolutely dependent upon stored 
waters, as the run-off of the rivers is, at times, less than the evap- 
oration. 

In the spring of 1910, all the available reservoirs in the Croton 
Valley were full, and water wasted over the New Croton dam up 
to May 17, when there were 88 690 million gallons, stored in the 
nine reservoirs and six ponds which are available to hold the water 
from the 360 square miles that constitute the Croton shed. In 
the Bronx and Byram shed, covering 22 square miles, there are 
four reservoirs and ponds, holding 4 195 million gallons, and these 
were also full. The unprecedented dry season, commencing about 
July 1, 1910, resulted in a depletion of the stored water in the 
Croton basins, amounting to 50 583 million gallons by February 
28, 1911, when the storage was only 38 107 million gallons. At 
this time there was little or no snow on the ground and no 
reasonable hope of heavy spring run-off to replenish the depleted 
storage. 

The consumption at this time was running over 330 m.g.d., 
and the recorded flow for the Croton River from the year 1868 to 
1910 showed that if this rate of consumption continued, and the 
run-off was no lower than that previously recorded, all the reser- 
voirs would be empty by September. This would mean that 
there would be practically no water available for a community 
of three million people, as the flow of the river after a dry summer 
would be only a small fraction of the normal consumption from 
the Croton system. 

The paralyzing of the industries of the greatest manufacturing 
city in America, the suffering of the people, and the danger to 
property and health that would result from a stoppage of the 
water supply even for a few days’ time, constituted a menace to 
the welfare of the city so great that the Commissioner of Water 
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Supply, Gas and Electricity, Hon. Henry S. Thompson, imme- 
diately commenced, through the public press, to inform the citizens 
of the condition of the water supply and the need for conserving 
it. This publicity campaign was productive of results as shown 
by a reduction in consumption in the month of May amounting 
to 26 million gallons daily, as compared with the same month 
of 1910, allowing three per cent. for the normal yearly increase in 
population and consumption. As the dry weather continued, 
more radical measures were deemed necessary, and in May it was 
recommended that the following steps be taken: 


RECOMMENDATIONS TO CONSERVE WATER SUPPLY. 


Ist. Printed notices be delivered at every building in Man- 
hattan and The Bronx, stating the need for stopping waste and 
calling attention to the fine which the commissioner might im- 
pose if the waste was not stopped. 

2d. House-to-house inspection to be made by a special corps. 

3d. Pitometer work to be undertaken along the river-front, 
to detect Jeaks in mains or services. . 

4th. Surveys to be made and plans drawn for a temporary 
source of supply of about 50 million gallons daily capacity. 


These recommendations were approved and the following 
notice was printed in English, Italian and Yiddish: 


PRINTED NOTICE TO STOP WASTE OF WATER. 
IMPORTANT. 


To the Owner of the Premises: 


To stop waste of water, an inspection is to be made of these 
premises, and your attention is called to the necessity of having 
all fixtures in good order, as the rules of the Department provide a 
penalty of two dollars ($2) for each leaky fixture. The fixtures 
which are ordinarily found out of order are tanks of toilets, faucets, 
and ball-cocks controlling overflow of tanks. 

You are hereby notified to have all leaky fixtures repaired 
immediately. 

The use of hose, either inside or outside of buildings, is pro- 
hibited. 

It is hoped that you will do everything in your power to stop all 
unnecessary use of water so that we may avert as much as possible 
a situation which would be most serious. 

Henry S. THompson, 
Commissioner. 
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One hundred and fifty thousand copies of the above were 
delivered between June 6 and June 16, 1911, as follows: 


lst. One hundred and forty-five thousand copies were delivered 
on the premises, without folding. 

2d. In order to reduce waste in large buildings of various 
kinds, where the consumption of metered water was very great, and 
where the department did not intend to make an actual inspection, 
4 855 notices were placed in envelopes and addressed to the owner, 
manager, superintendent, engineer, or janitor of large office build- 
ings, apartment houses, department stores, steam plants, and 
delivered to the individual in charge. 

3d. Where the premises to be notified were outside of the 
delivery limits of the private concern that was doing this work, 
notices were mailed, the total number of notices delivered in such 
manner being 145. 


The following table shows the weekly consumption in June in 
Manhattan and The Bronx and in Brooklyn. As house-to-house 
inspection did not commence until the middle of June, and less 
than ten per cent. of all premises were covered in that monih, the 
reduction in consumption noted must have been mainly due to 


the printed notices: 


Datty CONSUMPTION DURING JUNE, 1911, BoroucHs or Man- 
HATTAN AND THE BRONX AND BROOKLYN. 


Million Gallons. 


The corresponding figures for 
June, 1910, were 


There was an evident reduction in consumption following the 
receipt of the notices, and this reduction increased during the 
month of July, the total reduction being estimated at about 25 
m.g.d., or nearly nine per cent. of the supply in Manhattan and 


Manhattan 
d Week Ending and Bronx. Brooklyn. : 
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The Bronx. Assuming that the reduction in waste would gradu- 
ally lessen and entirely disappear in two years,* the total amount of 
water saved would be over 9000 million gallons. As the cost of 
printing and distributing the notices was $1 388, the resultant cost 
was $0.15 per million gallons saved, or about one quarter of one 
per cent. of the average cost of water distributed in New York City. 


INSPECTION OF BUILDINGS. 


For the house-to-house inspection work a corps of about one 
hundred and fifty men was employed, there being on an average 
one clerk at $900 per annum for every four inspectors at $1 100 
per annum. The inspectors worked in squads of from fifteen to 
twenty, in charge of two regular department inspectors. Every 
building was thoroughly examined, an average day’s work of eight 
hours covering ten buildings. 

After the inspection of the premises a notice was mailed by the 
department, addressed to “The owner or occupant of the premises,” 
calling attention to the leaks found, and notifying the owner to 
make the necessary repairs to the leaky fixtures, the said form of 
address being approved by the corporation counsel as a legal 
notification. Three days were allowed from the date the notice 
was mailed before a reinspection was made, and if it was found 
that more than 50 per cent. of the leaky fixtures which had been 
discovered upon the first inspection had not been repaired, a fine 
of $2.00 was imposed. After an interval of about a week the prem- 
ises were again inspected, and if the leaks had not been repaired an 
additional fine of $2.00 was imposed and this procedure was 
followed until fines, in some cases, had been imposed as many as 
seven times on the same premises. Where it was found, after 
several inspections, that the owner did not occupy the premises in 
question, his name and address was obtained and an individual 
notice sent to him, stating that if the leaks on the premises were 
not repaired, the water would be shut off after three days from the 
date of notice. In no case was this extreme penalty resorted to; 


*This period of time is used simply as a basis of computation, the exact time required 
for the leakage to return to the amount existing prior to commencing water-waste work being 
unknown. It is estimated that at the present time, which is just two years after the house- 
to-house inspection, the reduction in consumption is about fifty per cent. of that shown 
immediately after the active campaign was stopped. 
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although in one case the department men had commenced to dig 
up the street in front of the premises to shut off the water, when the 
owner appeared and made immediate arrangements for repairing 
the leaks on the premises, after paying $9.00 for the work done by 
the department force in making preparations to shut off the water. 
The fines imposed became, under the laws of New York, a lien on 
the property, and therefore readily collectible. Fines were rebated 
when a satisfactory reason was given, showing inability to comply 
with the department order within the time allowed. 

House-to-house inspection was carried on actively during July, 
August, and September, and then, owing to the crisis having 
passed, the force was materially reduced and finally disbanded at 
the end of the year. 

The premises inspected were grouped in districts covering about 
one hundred city blocks, although the size of the districts varied 
materially. Pitometer gagings were made immediately before 
the inspection was commenced in each district, and immediately 
after the final inspection was completed. 

These gagings indicated, as shown by Table 1, that the in- 
spectors saved a maximum of 20 per cent. and a minimum of 2 per 
cent., with an average of 12.2 per cent., out of a total measured 
consumption of 175 m.g.d., which is 60 per cent., of the total con- 
sumption. The extent of the leakage found, even after the 
reduction due to the printed notices, is shown by Table 2, from 
which it will be seen that the number of leaky fixtures averages 
nearly three to each building. The estimated net cost of this 
inspection and pitometer work was about $60 000, after the fines 
were deducted, and even assuming that the leaks then stopped 
would gradually develop again so that the full amount of leakage re- 
appeared in two years’ time, the cost per million gallons would be 
about $7.70. Assuming an average of one hundred inspectors 
employed, the amount saved per inspector was 0.21 of a million 
gallons per day; but if the work had been spread over a longer 
time, the average per inspector would have been higher, as the 
cumulative effect of the longer period of work would be shown 
to the inspector’s credit, while the cost would have remained about 
the same per million gallons. 
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PLATE XXXII. 
N. E. W, W. ASSOCIATION. 
VOL. XXVII. 
BRUSH ON 
WATER WASTE PREVENTION, N. Y. 


MANHATTAN. 
PARTIALLY BLown Joint. LEAKAGE 29 000 GALLONS PER Day. 


BROOKLYN, 
A Biown Joint ON 4-1n. Hyprant BRANCH. 
LeakacGE 300000 GaLLons Day. 


: = | 
Fig. 1. 
te 
Fig. 2. 
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LEAKAGE IN STREET MAINS AND SERVICES. 


To stop waste from leaks in mains outside of buildings, surveys 
were made with the pitometer, the force employed consisting 
generally of an engineer in charge, two assistants, and six skilled 
and unskilled laborers. This work, especially that along the water- 
front, was commenced in September, 1910, and carried on almost 
continuously until December, 1912, the only interruption being 
when the entire force was used in connection with pitometer 
gagings of districts covered by house-to-house inspection in the 
summer of 1911. The leaks discovered were generally from blown 
joints, broken pipes, and broken or split house services. The 
character of leaks is shown on Plate XXXI. The total amount 
of leakage checked by this work amounted to 16 672 000 gal. daily. 
In connection with the waterfront work there have been over 16 
miles of river front examined, containing about 84 miles of mains, 
with a measured flow into districts of about 40 m.g.d., and leaks 
were stopped amounting to 10 m.g.d., of which 5.7 million gal. 
were found in submerged pipe lines. 

The cost of this work was $19 000, and if it be assumed that, on 
an average, the leaks stopped would have been discovered by the 
regular maintenance force in ten years, the cost of saving this 
water would be about $0.50 per million gallons. This cost is. 
based upon a sinking fund of 8.7 per cent. annually, and interest 
at the rate of 4.3 per cent. The leaks on the submerged lines were 
very large in proportion to the amount of time spent in locating 
and stopping the same, and therefore in estimating the cost per 
million gallons for saving the water, it would be reasonable to 
omit such large leaks. Assuming that the money spent repre- 
sented the cost of stopping leaks amounting to 4.3 million gallons 
daily, the cost would be about $1.30 per million gallons. 

Table 3 shows the results accomplished in the way of reducing 
leakage by appeals through the press, printed notices to stop leaks 
and unnecessary use of water, house-to-house inspection, and 
stopping leaks from mains and service pipes. In this table the 
amount credited to each cause is necessarily approximate, with the 
exception of the leaks from mains and defective services, but the 
table, nevertheless, gives some adequate idea of the relative 


i 


9% 8 0 — SI 9ze Cee ke 

0 0 cre ree cee oe eee 8 Ayenue 

CApep 

< — XNoug 4H], NVLLVHNVJ — NOILAWOASNOD NI 


416 


= 
ITY. 


BRUSH. 417 


effectiveness of the means employed to reduce waste and 
unnecessary use of water. 


METERED CONSUMPTION. 


The metered consumption, which amounts to about 30 per 
cent. of the total for Manhattan and The Bronx, or 90 m.g.d., 
has remained practically constant during the water-waste work, 
the increase being only that due to normal growth. The reduction 
has, therefore, been confined to the unmetered consumption, and 
represents, as a maximum, a reduction of thirty per cent. of 
said consumption. The per capita consumption in Manhattan 
and The Bronx, before and after the water-waste work, was as 
follows: 


AVERAGE AveRAGE Dality 
Datty ConsumPTIoN, ConsuMPTION, 
ion GALLONS. GALLons PER Capita. 


Total. | Metered. | Total. | quctered 


January—December, 1910..... 331 84 120 90 
January—June, 318 89 112 81 
July —December, 1911..... 279 89 98 67 
January—December, 1912..... 303 90 104 73 


January—June, 304 90 102 72 


In New York all water used for business purposes is metered, 
and the metered services in 1912 in Manhattan and The Bronx 
numbered 61500 out of an estimated total of 92300 metered 
services in the five boroughs. 

It will be seen that, excluding metered consumption, the per 
capita consumption is low for a large city, but still materially above 
what is probably necessary for domestic consumption, indicating 
that the amount of leakage still remaining is large in total quantity 
although probably difficult and comparatively expensive to elimi- 
nate. 


-PER CAPITA CONSUMPTION. 


The per capita consumption for the last twenty years is shown on 
Table 4. 


Time. 
| | tion. 
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From this table it will be seen that the drop in per capita con- 
sumption amounted to 30 per cent., i. e., from 134 gal. to 102 gal. 
This reduction commenced in about 1906, but the cause is not 
clear prior to the water-waste campaign in 1911. It was probably 
due, in a great measure, to business depression, New York City, as 
the financial center and the largest manufacturing city in the 
United States, very promptly feeling any dullness in trade and 
resulting reduction in manufacturing. 


WATER-WASTE WORK IN THE FUTURE. 


With the excellent and exceptionally low-cost results obtained, 
the continuance of the waste prevention work would be expected, 
but owing to the character of the Croton system, it was found to be 


TABLE 4. 


Per Capita ConsuMPTION, 1892-1913, MANHATTAN AND THE Bronx, 
AND BROOKLYN. 


(Gallons daily.) 


Manhattan 


and 
The Bronx. 


* First 6 months. 


Year. | | Brooklyn. 
1892 91 ; 
1893 96 
1894 99 
1895 100 
1896 109 i 
1897 115 
1898 117 i 
1899 123 : 
1900 130 
1901 129 : 
1902 129 : 
1903 128 

; 1904 132 
1905 134 
1906 133 
1907 131 101 
1908 126 100 = 
1909 122 95 
1910 120 97 ie 
1911 105 92 ae 
1912 104 91 
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uneconomical to pursue waste prevention work by house-to-house 
inspection after the sufficiency of the supply was demonstrated 
beyond reasonable question. 

With a gravity supply, which is the condition in Manhattan 
and The Bronx for about 75 per cent. of the consumption, and 
with ample aqueduct and reservoir capacity, there is practically 
no difference in cost when very little water is being drawn and 
when a full supply is being drawn from the watersheds. The 
same force has to be employed to care for the watershed, reservoirs, 
aqueduct line, and distribution system, so that the operation and 
maintenance cost is not affected by reduction in water waste. 
The trunk main capacity is, however, affected by the rate of draft, 
as said mains, in a large, well-designed system, are normally pro- 
portioned to the needs for domestic consumption, with some margin 
for fire purposes. For about every 20 m.g.d. added to the con- 
sumption, a 48-in. main has to be laid; so that for each 20 m.g.d. 
saved, the laying of a 48-in. main can be eliminated. By taking 
the average length of trunk main required to deliver water from 
the end of the aqueduct to the center of distribution, and deter- 
. mining the cost of such a main, the monetary value of water saved 
can be arrived at, assuming there is no reason to save water to 
prevent extensions to the supply system, which was the case 
in Manhattan and The Bronx in 1912. Thus, from the terminal 
. of the aqueduct at 135th Street gate house, Manhattan, to the 
center of distribution, is estimated at 25000 ft. The cost of 
laying a 48-in. main in Manhattan streets is estimated at $18.00 
per ft., making the cost of such main $450000. Assuming the 
capacity of the 48-in. main to be 20 m.g.d., the cost per million 
gallons capacity would be $22 500. Assuming interest, sinking 
fund, and maintenance at 514 per cent., the cost would be $3.39 
per million gallons. As the lateral distributors in the distribution 
system are of a capacity based almost entirely on fire service re- 
quirements, there would be no additional saving for such parts of 
the system, even if the consumption were to be reduced, say 20 
per cent. 

For the pumped supply, the cost of maintenance and operation, 
including sinking fund on equipment, is equivalent to about $10.00 
per million gallons. 
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From the above it is evident that for the present there is no 
financial return from reducing water waste where the cost of such 
saving excéeds $10.00 per million gallons in districts where the 
water is pumped and $3.39 per million gallons in districts where the 
water is delivered by gravity. 

When the Catskill water supply is introduced and has been 
utilized to such an extent that pumping from the Brooklyn system 
will have to be resorted to if waste of water is not curtailed, a very 
different financial problem will be presented, and discussion of 
this problem at the present time is inopportune. 


CONTROL OF LEAKAGE FROM MAINS AND SERVICES. 


While financially the house-to-house inspection part of the 
water-waste prevention work was uneconomical after the fall 
of 1911, the measurement of flow in mains to detect underground 
leakage was continued, the force, however, being assigned at 
times to other work. This work resulted in the discovery and 
repair, during 1912, of about 33 leaks, divided as follows: 


ee 


These leaks amounted to 3.8 m.g.d., while the total cost was 
about $16 000. Assuming that, on an average, these leaks would 
have been discovered by the regular maintenance force in ten 
years, the cost of saving the water would be about $1.50 per million 
gallons. This cost is based on a sinking fund of 8.7 per cent. 
annually and interest at 4.3 per cent. 

The conditions in Manhattan and The Bronx are unusually 
favorable to the development and continuance of leaks from 
mains and services outside of buildings, without any indication on 
the surface. Owing to the rock floor being near the surface, much 
rock is removed in grading streets and excavating for buildings, 
the same being used to bring to grade streets crossing hollows. 
Also, in rock underlaid streets, the water main is usually laid 
in the sewer trench and the filling offers comparatively free passage- 
way for the leaking waters to reach the sewer. Under the above 
conditions, leaks amounting to several hundred thousand gallons 
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daily might continue for years without discovery from the appear- 
ance of the surface, and leaks of 100 000 gallons daily have been 
found only after pitometer measurements have shown unrea- 
sonably high flows. 

To simplify the location of these leaks and to reduce the cost 
of such location, the department has recently used a “‘ pulsograph,”’ 
invented by Mr. N. Akimoff, of Philadelphia, which is shown in 
Plate XXXII. This instrument is based upon the water hammer 
experiments made in Russia in 1897-98 and reported in paper by 
N. Jonkowsky before the Russian Technical Society, April 29, 
1898. It consists essentially of a large sensitive pressure recorder 
having a rapid motion, a tuning fork vibrating at a rate of 200 per 
second, and a quick-operating valve which is on a blow-off or by- 
pass pipe. 

The instrument is set up by screwing it to a hydrant nozzle, 
the hydrant being chosen so that there will be a straight run of 
several hundred feet before an open four-way branch is encoun- 
tered. By closing valves on intermediate branches, the effect 
of a long isolated line can be obtained. In operation, the valve 
on the main below the hydrant is closed, and water allowed to flow 
from the hydrant through the by-pass on the instrument. By 
quickly closing the by-pass valve, a water hammer of about fifteen 
pounds is created and recorded on the pressure gage. This pres- 
sure is maintained until the water-hammer pressure has reached 
the open branch at the end of the pipe line that’is being tested and 
the drop in pressure has traveled back to the hydrant, the tuning 
fork vibrations showing the time for this double travel. By divid- 
ing twice the distance along the main to the open branch by the 
time, the rate of travel for the particular pipe is determined. This 
has been found to be approximately 4 200 ft. per second for 6-in. 
pipe and decreasing to about 3 600 ft. for 12-in. pipe. If there is any 
leak in the main, or in a service near the main, the water-hammer 
pressure is materially reduced by said leak and the chart shows 
separately the reduction due both to the leak and the open branch. 
The distance to the leak can then be determined by the time shown 
on the chart for the water-hammer pressure to travel to the leak and 
return to the pulsograph, this being multiplied by the determined 
rate of travel of the hammer pressure along the pipe, and divided 
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by two. Several leaks have been located within limits of less 
than twenty feet by the use of this instrument, and the results from 
its further use should be interesting, as a decided saving in cost of 
locating leaks is anticipated. 


TEMPORARY SUPPLY FROM TEN MILE RIVER. 


Mention has been made of the recommendation to develop an 
additional temporary source of supply to meet the threatened 
danger of water shortage in the Croton Valley. The source 
selected was the Ten Mile River, a branch of the Housatonic. 
Surveys were made, and plans, specifications, and contract pre- 
pared for the utilization of this supply, at an estimated cost for 
construction of about $1 200 000, and for operation and mainte- 
nance, $183 000 annually. By October, 1911, the heavy rains and 
resultant run-off, together with the reduced consumption, had 
relieved the situation sufficiently to make it practicable to stop 
further work on this project, and no money was actually expended 
for an additional supply other than in connection with the surveys, 
preparation of plans, etc. 


METHOD OF DETERMINING MINIMUM STORAGE REQUIRED IN 
CROTON VALLEY. 


An interesting phase of the determination of the need for an 
additional supply was the fixing of the reasonable safe limit of 
depletion of storage on January 1 of any year. The Rippl, or 
mass curve method, is usually adopted in determining the safe 
maximum draft from any watershed. The run-off from the water- 
shed is plotted for the entire period covered by the records, and a 
line is drawn representing the maximum draft on the assumption 
that all water stored in reservoirs would be used during the drought 
period, if such period were to recur. On this assumption it would 
be necessary that the run-off become equal to or greater than the 
draft on the day following the withdrawal of the last of the stored 
water from the reservoirs, and that the run-off would be sufficient 
thereafter to eventually refill the reservoirs. 

While, theoretically, an engineer might assume such a rate of 
draft, the operating engineer responsible to nearly three million 
people for maintaining a continuous supply from sources depend- 
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ent entirely, at times, upon stored water, would be foolhardy if he 
allowed the storage to be depleted to such an extent. The rule 
adopted for New York was that the storage should not go below an 
amount which, added to the lowest run-off recorded for a year, 
would equal the anticipated consumption for such year. 

The lowest recorded run-off of the Croton watershed for a 
calendar year was 207 m.g.d. With the consumption reduced 
to 275 m.g.d., the deficiency was 68 m.g.d., or 24820 million 
gallons in one year. As further reduction could at that time have 
been made in the consumption, if necessary, the figure of -20 000 
million gallons was adopted for New York conditions in 1911. 

Fig. 1 shows the mass curve of flow of the Croton River during 
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_ the low run-off. years, and the two lines of maximum draft, one 
without any reserve in reservoirs and one with 20000 million 
gallons reserve. The first rate is 335 m.g.d. and the second 323 
m.g.d. The second is considered the safe rate of draft for New 
York in the light of the experience of the past three years. 


BorouGH oF BROOKLYN. 


While Brooklyn has for many years had little or no margin 
between the consumption and minimum safe supply from the sys- 
tem, there was no difficulty in meeting all requirements in 1911, 
when Manhattan and The Bronx were threatened with shortage of 
water. This was due mainly to a large increase in available supply 
from improvements in the condition of the wells, which furnish 
about one half of the supply, and to the reduction in consumption 
probably caused by general knowledge of the unusually dry season 
and consequent shortage of water in the Croton watershed and in 
many communities near New York City. The increase in con- 
sumption in the winter and spring of 1912 showed clearly that 
additional stations to draw from the subsurface waters of Long 
Island would be required unless the growth in consumption was 
curtailed; the consumption for the first six months being 149.1 
m.g.d. as compared with a safe supply of 150 m.g.d. from the 
works as then developed. 

Owing to the expected completion of the Catskill system in 1916 
so that water could be delivered at that time to all boroughs, any 
new works would have a very short useful life, with consequent 
high cost per million gallons. On the basis of the cheapest type 
of station machinery and driven well system and without any 
allowance for conduit capacity or pumping equipment at the main 
station at Ridgewood, where all the water from the main watershed 
is pumped into the distribution reservoirs or mains, the cost deliv- 
ered into the distribution system is as follows: 


For water made available in 1913........... .-++ $36 per mil. gal. 
For water made available in 1914.............. 42 per mil. gal. 
For water made available in 1915.............. 


If the supply required were to be reduced so that existing sta- 
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tions could be shut down, the saving in maintenance and operation 
was estimated at about $24.00 per million gallons. 

On the basis of the results obtained from water-waste prevention 
work in Manhattan and the Bronx, it was evident that such work in 
Brooklyn, if carried on along similar lines, would be financially 
advantageous. Work on detection of waste from leaks in mains 
and services had already been carried on along the waterfront; 
and owing to absence of rock and rock-filled streets in Brooklyn, 
there were practically no large leaks that would not show at the 
surface, other than along the waterfront. It was proposed, there- 
fore, to limit the work in Brooklyn to the sending out of notices 
and to house-to-house inspection. 

In June and July, 1912, 175 000 copies of the following notices 
were delivered at a cost of $1 137.50, which, together with the 
printing cost, made a total of $1 412.50. 


IMPORTANT. 


To the Owner of the Premises: 

To stop waste of water, an inspection is to be made of these 
premises, and your attention is called to the necessity of having 
all fixtures in good order, as the rules of the department provide a 
penalty of two dollars ($2) for each-leaky fixture. The fixtures 
which are ordinarily found out of order are tanks and toilets, 
faucets and ball-cocks controlling overflow of tanks. 

You are hereby notified to have all leaky fixtures repaired im- 
mediately. 

The use of hose, either inside or outside of buildings, is prohib- 
ited, unless a permit is obtained from the Department. 

It is hoped that you will do everything in your power to stop all 
unnecessary use of water. Every gallon of water that is supplied 
to the Borough of Brooklyn has to be pumped twice, and some of it 
three times, so every gallon saved means a saving to the tax- 
payer. 

Use what you need, but do not waste it. 

Yours truly, 
F. T. Parsons, 


Deputy Commissioner, Borough of Brooklyn. 


The consumption showed a drop of 10 m.g.d., see Table 6, 
which it was estimated was due to the notice. Assuming, as in 
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Manhattan and The Bronx, that the effect of said notice was lost 
in two years, the cost was $0.40 per million gallons saved. 

Thirty-five inspectors were placed on the house-to-house in- 
spection work early in August, and eight clerks were required to 
handle the leaks reported. The detailed results of the work of 
these inspectors, which was continued up to June, 1913, are given 
in Tables 7 and 8. , 

It will be seen that the reduction in consumption amounting to 
24 m.g.d. effected by the inspection of buildings was much greater 
proportionally in Brooklyn than in Manhattan and The Bronx, 
the minimum reduction being 10 per cent. and the maximum 30 
per cent., with an average of 19 per cent. This was probably 
caused by the lesser effect of the printed notices to repair leaky 
faucets and the elimination of the question of shortage of water 
in the Brooklyn campaign. In the Brooklyn work there was also 
a longer period elapsing between the sending out of the notices 
and the inspection of buildings. The net cost of this work was 
$26 000, and assuming, as in Manhattan, that the waste stopped 
would all reappear in two years’ time, the cost of saving the water 
was $3.00 per million gallons. The amount saved per inspector 
employed was equal to about three quarters of a million gallons 
daily, which was over three times the amount per inspector in 
Manhattan. This was due to the work being carried on with a 
smaller number of inspectors, and each inspector was therefore 
credited with a larger saving than in the Manhattan work. If 
comparison is made between Manhattan and Brooklyn on the 
basis of inspector days, assuming that the leakage stopped would 
reappear in two years’ time, the result is as follows: 


Manhattan, 11 600 inspector days, resulting in saving 
7 8C0 m.g., equivalent to 
670 000 gallons per inspector day. 
Brooklyn, 9 400 inspector days, resulting in saving 
8 800 m.g., equivalent to 
940 000 gallons per inspector day. 


The financial returns in Brooklyn were excellent, it being practi- 
cable, with a reduced consumption, to shut down six pumping 
stations and to use approximately 6 m.g.d. for the Borough of 
Queens, eliminating thereby an equivalent amount of water pur- 
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chased from a private company at a cost of $65 per million 
gallons. It is estimated that the reduction in maintenance and 
operating charges due to water-waste work is about $300 000 
annually. 

While the results of water-waste work have been excellent, from 
the viewpoint of the department, one must not lose sight of the 
inconvenience to the consumers from house-to-house inspection 
and the expense involved in the repairs to defective plumbing. 
It is not believed that the methods adopted should be used except 
where very favorable results are to be expected, or else where the 
need for saving water is urgent. Without universal metering, 
however, it is necessary to adopt temporary expedients for re- 
ducing waste and conserving the water supply resources, and 
these expedients, as applied in New York City, have certainly 
been most successful. 

The house-to-house inspection work was carried on under the 
direction of the Bureau of Water Registrar, Mr. Benjamin A. 
Keiley being water registrar for Manhattan, and Mr. Wm. R. 
McGuire, water registrar for Brooklyn. The general planning 
and all water measurement work was under the Bureau of Water 
Supply, of which Mr. I. M. deVarona is chief engineer, the 
writer having charge of the maintenance and operation work of 
said bureau. 


DISCUSSION. 


Mr. Epwarp 8S. Coie.* Some ten years ago the speaker 
had the privilege of conducting a similar investigation in New 
York City, which led to the introduction of the pitometer system 
described in the paper just read, and it is his conviction that 72 
gal. per capita daily is twice as much water as the people of Man- 
hattan and the Bronx actually use. This is based upon the well- 
known character of New York’s population, which is overwhelm- 
ingly made up of tenement-house dwellers and small water users. 

The meter records of Worcester, Mass., show that 10 or 12 gal. 
per capita covers the actual use of a great mass of that city’s 
population, comprising low-cost homes of mill operatives, ete., and 
there are many data to prove the same thing. The actual per 
* New York, N. Y. 
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capita requirements of Manhattan and The Bronx may be ap- 
portioned, according to the speaker’s experience, as follows: 


Or an average of about 30 gal. per capita — less than half the 
figure given by Mr. Brush in his paper as the domestic consump- 
tion of the city. From this it is reasonable to conclude that there 
is yet much to be done in the way of water-waste restriction in 
New York. Adding a fair amount for unpreventable waste, it 
should be possible to reduce the present per capita consumption of 
72 gal. daily to 40 gal. 

We should not forget that the reduction of a few gallons per 
capita in a great city like New York represents an enormous 
volume of water. For example, a saving of 30 gal. per capita 
for a population of 3 000 000 means 90 000 000 gal. per day, the 
value of which at such a time as the water shortage of 1912 in New 
York City is beyond calculation. 

It was unfortunate that the pitometer tests of 1902 and 1903 
were abruptly ended by a change of administration, for the work 
was only well begun. It is but reasonable to assume that, had our 
investigation continued, there would have been no such danger of 
water famine in 1911 and 1912. That the city narrowly escaped 
a serious water famine in those years is well understood. The 
rains came in the nick of time, and it would not be wise for any city 
to risk so grave a danger by so narrow a margin. 

The lesson to be drawn from this experience is clearly that water 
waste in a great city cannot be stopped in a hurry. It takes time 
to locate underground leakage and losses, and after a system has 
been made comparatively tight and efficient, it will take constant 
supervision to maintain it so. In this country we need a system of 
district metering and supervision like that in use in London and 
other English cities. Such service is the more imperative in our 
larger cities, where the general introduction of meters is delayed. 

Me. W. C. Hawtey.* I have only one point in which I differ 
from the writer, and that is I cannot agree with him that there is 


* Chief Engineer, Pennsylvania Water Company, Wilkinsburg, Pa. 
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no need for restricting leakage in plumbing. It is certainly not 
fair that ‘ A,” who puts a good class of plumbing into his building 
and maintains it in good shape, should be obliged to pay rates to 
help keep up a large plant because “‘B”’ does not put in a good 
class of plumbing and does not maintain it. 

I have had some experience in this matter of hunting for water 
waste and stopping leaks, which perhaps may be of interest. In 
1896, when I took charge of the plant at Atlantic City, the city 
was facing a water famine. In the previous August the pressure 
had been at times below 20 lb. per sq. in. The city was already 
inaugurating a general metering of all services, but there was not 
time to secure results in that way. We started at once a house-to- 
house inspection, and where leakage was found a report was made 
to the owner, with the threat that unless the leakage was stopped 
at once the premises would be metered. With the universal fear 
of a meter in an unmetered town we found that to be one of the 
most excellent arguments that we could advance: it certainly 
was better than a fine or threat of prosecution. The result was 
that in four or five months the consumption had been so re- 
duced that we went through the following summer with an ample 
supply of water, and eighteen months from the time that we began 
we had reduced the consumption from an average of 250 to 260 
gal. per day per capita to 50 or 60 gal. 

At the plant with which I am now connected it became necessary 
to install a filter plant, and about five years ago we began work on 
the plant. At that time we were pumping about seven and a half 
million gallons per day, and there was no reason to anticipate a 
sudden increase in the demand. We planned therefore for a plant 
capable of filtering ten million gallons per day, with two extra 
filter tubs that could be equipped if needed, giving an immediate 
capacity of 12.5 m.g.d., with ultimate expansion to a capacity 
of 20 m.g.d. By the time the plant was completed in 1909 we 
found that we were pumping 10 m.g.d., and during that summer 
many days we were up to 11 m.g.d. We had no knowledge 
of where this increase was going. The following January 
we discovered a leak where a 4-in. cast-iron pipe had snapped 
square in two in the bed of an old run, and about a million 
gallons per day was going to waste there. Three months later 
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we found a very bad lead joint where a wrought-iron pipe had been 
leaded into the bell of a cast-iron pipe under a seventeen-foot fill, 
and another million gallons a day was going to waste there. I 
came to the conclusion that we should have some way of finding 
such leaks, so we invested in a pitometer and detectaphone and 
began a systematic hunt over our system of some one hundred and 
fifty miles of pipe. The results have been most satisfactory; 
we have reduced our pumpage materially. 

I have some figures which I think would be of interest. For the 
year ending April 1, 1913, we pumped a total of four hundred and 
nine and a quarter million cubic feet in round numbers. Of this 
we accounted for 54 per cent. in industrial consumption; 23.1 
per cent. in domestic consumption; and including sewer flush 
tanks, the free list to municipal buildings and schools, water 
used by the company in its own office buildings and for meter 
testing, for the boilers at the pumping stations, the stoker motors, 
the water used in washing at the filter plant, and that wasted in 
cleaning the sedimentation basins, we accounted for a total of 
79.8 per cent. of the water pumped. With pump slip estimated 
at 2 per cent. (which of course is low, but our pumps are Riedler 
pumps and the amount pumped is checked day by day by Venturi 
meters), that gives us a total of 81.8 per cent., not making any 
allowance for water used for street washing, sewer flushing, or 
street sprinkling. And there is practically no estimating as to 
any of the quantities. It is interesting to note that the domestic 
consumption averages 24.3 gal. per person per day; our industrial 
consumption is unusually large, 56.7 gal. per day, so that our total 
consumption per capita is 105 gal. per day including the 19.1 
gal. not accounted for. 

It seems to me that while hunting for leaks is absolutely neces- 
sary, the prevention of leaks is equally or even more important. 
“* An ounce of prevention is worth a pound of cure.” I have found 
that at least two of the methods which we have adopted have 
proved very successful. At Atlantic City the leakage was not to 
any extent from the mains or from the service lines; the leaks 
were almost altogether in the plumbing, and the meters induced the 
owners to make repairs. The pressure was low, about 40 lb. 
normal pressure. In our plant at the present time, while we have 
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pressures up to 210 lb., a large part of our district is under from 
100 to 170 lb. pressure, and a considerable part of our leakage is 
from the mains and from service lines which are lead pipe, as the 
soil is destructive of iron pipe. Some years ago we adopted the 
use of a patented coupling instead of the ordinary wiped joint. 
We have put in a great many of these couplings and we have not 
had a single case of leakage from them, except where the pipe has 
been disturbed. I found that fifteen or sixteen years ago a con- 
siderable number of one of the earlier forms of patented couplings 
were put in in one of the old plants which were purchased by our 
company, and of those couplings not one has given us trouble in 
the past eight or ten years except where it has been disturbed by 
some excavation. I believe that the elimination of the wiped 
joint has made a very material difference in the amount of leakage; 
and we are eliminating them just as fast as we can. 

For some years past we have been using leadite for joints in our 
mains, and I believe that we have solved another difficulty. We 
have not had a leak at any of our leadite joints (except one, and 

- that was not important), and we have not had a joint blow out. 
We find in addition that it has a very high resistance to the flow of 
electricity, and our mains are being protected from electrolysis. 

I think that these are things that are equally as important as 
hunting for leaks, and will give results that are well worth all that 
they cost. 

Mr. BrusH. From what Mr. Hawley has just said, it seems as 
if I must have given a somewhat erroneous impression as to the 
attitude of New York City towards leakage. It is not and was 
not the idea in the water department of New York City that it 
is not important or necessary to stop existing leaks either in mains 
or in plumbing inside the buildings or to prevent leaks occurring 
in the future. As far as leaks in the mains are concerned, we 
have a permanent force of about fifteen men which is used for 
detection of leakage in the mains and services; that is, outside of 
the buildings. 

The point that I intended to make was that with a gravity sys- 
tem of a capacity greater than the demand from a financial view- 
point it does not pay to go after the house leakage in a systematic 
way when your cost of stopping that leakage is greater than the 


4 : 

‘ 


436 WATER WASTE PREVENTION, NEW YORK CITY. 


cost of new trunk mains, which is the only expense involved as long 
as your supply is greater than the demand. Even the cost for 
new trunk mains has been eliminated at the present time, due to 
the unusual large reduction in consumption. In other words, our 
trunk main capacity is now greater than would be really needed 
for the city of New York with its present consumption, as far as 
Manhattan and The Bronx are concerned. 

At the present time metering is not a matter which is being 
actively discussed:in New York City, because the authorities are 
not in favor of it; and it is doubtful whether to-day it is financially 
advisable. But as far as stopping leaks in the system itself is 
concerned, that is, in the mains and in the services outside of the 
houses, we believe that as a matter of efficient administration we 
ought to take the steps necessary to eliminate such leakage. 
And our experience has been that that leakage comes in the rock- 
filled streets. 

I had charge of the removal of about thirty miles of mains in 
the borough of Brooklyn, where we replaced the old mains with 
new ones. Those mains were laid with lead joints and I think 
that twenty-five joints in the thirty miles would cover those that 
leaked. None of the joints leaked so as more than to drip, or 
at most to run a stream which was less than the size of a pencil. 
Of course a good many places do not have as good joints as Brooklyn, 
but the above was the experience with mains laid in Brooklyn 
back in ’58 and ’59 and removed in the period beginning with 1902. 

As far as stopping leaks in the houses is concerned, we believe 
that in New York it should only be taken up where the financial 
returns are at the present time considerably greater than the cost 
of such work, because it is objected to by the majority of the 
people and is not necessary on the question of a sufficiency of the 
supply. We certainly believe thoroughly in going after leaks 
outside of the buildings, and also in going after leaks in the build- 
ings where it is financially advisable to do so. 

As I previously said, metering to-day is not a really practical 
question for discussion in New York; but the time will come in the 
not very distant future when the general metering of services 
will be a very important question and one that will then un- 
doubtedly be taken up actively. 
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Mr. Joun C. Wuitney. I would like to ask Mr. Brush whether 
he does not consider it very likely that there would be an increase 
in the waste of water from leaks where new systems are installed 
in the large buildings in New York City. 

Mr. Brusu. We do not anticipate any large increase in the 
number of Jeaks from that cause. We do anticipate a consider- 
able increase in the amount of water lost through leakage, and it 
has been the practice in the borough of Brooklyn since 1905 to 
reduce that loss by a reduction in pressure during the night hours. 
That is, we keep the pressure during the evening and midnight 
and early morning hours down to, and slightly below, the pressure 
during the day time, by controlling the flow at the reservoir. 
That can be done in a large city with perfect safety, because the 
draft for fire purposes is small unless the fire becomes a large one, 
in which case the gates are open at the second alarm. There has 
been no difficulty in the last eight years of controlling the system 
that way. 

There will certainly be a material increase in the amount of 
water lost in New York City with increased pressure, and there 
will be an increased pressure with the introduction of Catskill 
water. We have pressures as low as 20 lb. covering large areas, 
and such a pressure is of course unreasonable. Every city in the 
United States should have a pressure that will carry water to 
the upper floor of buildings that can be normally economically 
constructed in the district in question. In other words, we 
should supply New York City with pressure that would certainly 
carry water to the top of a building six to eight stories in height, 
which is the normal height of buildings erected on New York City 
land. 

The question of stopping the leakage in the buildings in New 
York City is a different problem from that which the majority of 
cities have to face, due to the Jarge amount of water that is intro- 
duced into New York City whenever any new works are con- 
structed. When we consider that it will be eight or ten years 
before the question of adequate supply will come up, the problem 
is presented in a different light from that in which it is usually 
presented. The amount of money involved in stopping leakage 
is not one of thousands, but it runs up into hundreds of thousands. 
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I agree with Mr. Cole that our per capita consumption is far 
beyond what is necessary, but just how far beyond I am not in a 
position to state. In the next five years most of us wil] be in a 
much better position to settle that question in New York City 
and other cities than we are to-day, because every year adds to 
our knowledge of what is the proper per capita consumption. In 
New York an average consumption of around 30 gal. per person is 
about what is necessary for the ordinary domestic uses in families 
living in moderate circumstances. Of course when you get into 
tenements you come down to a much smaller per capita consump- 
tion, and there it might run down as low as 15 or 20 gal. 

Mr. Beekman C: Littte. Mr. President, I should like to ask 
Mr. Brush if he included in his house-to-house inspection those 
houses and buildings that were metered. And if so, I wonder if 
he made any computation of what percentage of the total] leakage 
was found in the houses and buildings that were metered. 

Mr. Brusu. We did not include the metered premises except 
by sending printed notices to such premises. We assumed that 
there was leakage on metered services, but we concluded that with 
a greater number of unmetered premises than we could inspect 
we would confine our attention to them. We did not therefore 
inspect the metered premises. 

Mr. Epwarp D. Exvprepee. Mr. President, I would like to 
ask Mr. Brush if he would consider it advisable for the purpose of 
preventing leaks that services laid on private land as well as on 
the public highway should be under the control or supervision of 
the water department. 

Mr. Brusu. My personal opinion is that they should be, and 
furthermore that they should be installed by the department. We 
have our inspectors who cover the services up to the building; 
inside the building the department has nothing to do with the 
plumbing, but under our laws we are not permitted to install 
services. We install the taps, as they are put in entirely by the 
city tappers; but we have no control, other than inspection con- 
trol, over the services to the building. I think that the city should 
have better control of the plumbing fixtures in the building. 
That question covers a big field and better plumbing will only come. 
as the property owners realize that it pays to put in good plumbing 


d 


DISCUSSION. 439 


rather than to allow speculative builders to put in cheap plumbing 
because eventually the community has to pay the bill for both 
defective plumbing and leakage and waste of the water supply. 

Mr. Joun S. Ety (by letter).* The present systematic attempt 
to reduce waste in Philadelphia was begun in April, 1912, by 
starting a thorough house-to-house inspection for leaking fixtures. 
Pitometer surveys were begun in August, 1912. The work during 
the first year was confined almost entirely to West Philadelphia. 

For convenience in house-to-house inspection, the city was 
divided into twelve sections, lettered A, B, C, etc., and the blocks 
in each section were numbered consecutively. Fifty men were 
employed, at $2.00 per day, with an experienced district inspector 
as foreman, who laid out the work for his men each morning, as- 
signing a certain block to each man. These inspectors found a 
great many leaks, and the results of their inspection began to be 
apparent immediately in reduced pumpage. 

The corps has since been weeded out and reduced to thirty, 
the pay increased to $2.50 per day, and the men provided with 
aquaphones and taught how to use them. These aquaphones 
are inv uable in locating leaks in underground service and yard 
hydrant pipes. By their use about 1 500 such leaking under- 
ground pipes have been found. 

The aquaphones are also valuable in expediting the work of 
inspection, for the inspector, by listening on a single spigot, can 
tell at once whether any water is running in the house, and if 
there is none, can proceed to the next house, thus saving the time 
and the inconvenience to the householder of a complete inspection. 

The men wear badges and carry cards for identification, and the 
following general instructions are issued to them: 


1. Inspectors must wear their badges on the outside of their 
coats in plain sight. 

2. They must at all times be polite and courteous in their man- 
ner, and must cause householders as little inconvenience as possible. 

3. They must ask permission of the householder before entering 
private rooms or bathrooms, and avoid doing anything which might 
be misconstrued on the part of the householder. 

4. They will not waste time over small and trivial leaks. In 
leaks smaller than }-in. stream, it is sufficient to call the tenant’s 


* Assistant Engineer in Charge of Water Waste Prevention in Philadelphia. 
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attention to them, and no written notice to repair need be made 
out. It is of much more importance to spend the time in finding 
large leaks. 

5. They will in all cases carefully examine the service pipe from 
the street, using an aquaphone, and in cases where there seems to 
be a leak in the service, it shall be followed up until located and 
shall be reported to the foreman at the first opportunity. 

6. In cases where leaks are found of }-in. stream or more, the 
regular printed notice to repair will be carefully made out and 
left with the tenant, the duplicate copy being kept and given later 
to the foreman. 

7. Inspectors will spend only enough time in each house to walk 
rapidly through and note the condition of plumbing. Five or 
ten minutes should be sufficient in all cases. 

8. In cases where leaks of }-in. or more are found in rented 
houses, the name and address of the owner or agent should be taken 
and written on the duplicate slip. 

9. Inspectors shall keep steadily at work during the whole 
day and endeavor to find as many large leaks as possible. The 
city pays you for your time and is entitled to it. 

10. As inspectors are intrusted with discretionary duties, they 
will be required to display good judgment on all occasions, and 
lapses from a high standard of conduct will be dealt with accord- 
ingly. 

A second inspection of those houses where notice to repair has 
been left is made about one week later. If the leak is still unre- 
paired, at the second inspection, a “ shut-off’ man is sent in a 
few days, and, finding the leak still not repaired, he shuts off the 


water at the curb. 
Two clerks keep the records of the inspections and lay out the 


work for the second inspections and “‘ shut-off ”’ men. 
_ The work of this corps is best shown by a summary of the first 
six months of 1913, as follows: 


Number of buildings inspected................... 113 808 

Number of buildings showing waste............... 20 780 (18 per cent.) 
Number of buildings repaired.................... 17 371 

Number of buildings shut off..................... 2121 (Many vacant) 
Fixtures repaired, toilet flush tanks............... 12 432 
Fixtures revaired, spigot... . 6 663 

Fixtures repaired, yard hydrants................. 1 286 

Fixtures repaired, horse troughs.................. 36 


Fixtures repaired, service and hydrant pipes....... 2 367 
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Cost per Building 
Cost. Inspected. 


$7 908.21 $0.0695 


Transportation............ 


$8 197.71 $0.072 


The ordinary flush tank of cheap make is responsible for a very 
large percentage of the total waste. It is often concealed and a 
good-sized flow may run constantly with very little sound. 

In August, 1912, the bureau purchased six Simplex pitometer 
sets, including recorders. The recorders are of a recently per- 
fected type, giving a twenty-four-hour record of the velocity of 
flow in red ink on a circular chart, driven by clockwork. They 
were first used to check the output from the various pumping 
stations and filter plants. They are now being used to measure 
the consumption in various districts of the city, a district being 
isolated in the usual manner by lines of closed valves and the flow 
into it measured on one or more large feed mains. 

In addition, a number of pitometer rods were purchased for use 
with a U-tube in making night block surveys. For this purpose 
the apparatus is set up in a shelter box over a tap in the street 
main at some convenient point. The adjacent territory is then 
cut in, a block at a time, by closing the valve at one end and feed- 
ing past the pitometer. An observer notes the deflections in the 
U-tube and the time of each deflection. Thus, the night rate of 
flow into each block is obtained (the work always being done 
between 11 p.m. and 5 a.m.). A report of these rates is turned 
in the following morning and house-to-house inspectors are sent 
through all the blocks which show a high rate until it is satisfac- 
torily accounted for. 

In the six square miles of territory examined in this way, only 
two leaks have been found in the street mains, these being small 
joint leaks. In all other cases, the leakage has been accounted 
for in broken service pipes or house plumbing. 

A recent improvement in the method of making these night sur- 
veys has been made in the following manner. A short section of 

' 6-in. flange pipe has been mounted on a light covered wagon, the 

pipe having 3-inch hose connections at either end, and a 1-in. 
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ferrule or pitometer connection in the center. The U-tube is 
fastened up on the inside of the wagon cover. The block to be 
examined is shut off at each end, and fed through a fire hydrant 
from another hydrant on a live block, the wagon being of course 
stationed between the two hydrants, thus measuring any leakage 
there may exist in the block. 

This method has the following advantages: 

1. It permits quicker work because there are fewer valves to 
handle. The average number of blocks covered in one night is 
about 20 with the wagon and 15 by the old method. 

2. It is cheaper and does away with the necessity of tapping 
the main for a pitometer connection. 

3. It can much more readily be taken to any part of the city, 
where surveys are desired. 

It has the disadvantages of being less accurate in measuring 
the amount of leakage, giving rates about 30 per cent. less than 
the old method, due probably to loss of pressure in passing through 
the hose. An exact value of the leakage is not, however, necessary 
in rapid surveys of this character. 

These surveys, when followed up by a thorough and efficient 
corps of house-to-house inspectors, are probably the quickest 
method of reducing waste in any given territory. It is not neces- 
sary for the pitometer corps to stop and examine each house and 
service individually, but only to find the block night rate. Like- 
wise, it is not necessary for the corps of inspectors to examine 
those blocks where there has been shown to be no leakage. Each 
corps, therefore, reduces the work of the other. If at the same 
time, the district in which the work is being done is isolated and the 
flow into it being measured by recorders, the results of the work 
can be readily followed. The effects of this work are soon felt in 
the neighborhood in which it is being done in increased pressures. 

The net result of the work done so far has been to reduce the 
rate of consumption in West Philadelphia from 145 gal. to 125 
gal. per capita per day, or about 14 per cent. 

The total pumpage for the whole city in May, June, and July, 
1913, averaged 301.638 m.g.d., while for the same three months 
in 1912 it averaged 315.9 m.g.d., a saving of 43 per cent., although 
only about one tenth of the ae has yet been covered. 
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Mr. CLEMENS HeErscHE.* (by letter). Nigh two thousand years 
ago it was written (“‘ De Arte Poetica,” 359): “‘ Indignor, quando- 
que bonus dormitat Homerus ’”’ —I become indignant when the 
excellent Homer occasionally nods (is careless in his statements). 

That represents my feelings exactly, on reading in your paper 
on Water Waste Prevention Work what you say at the top of 
p. 420. 


“With a gravity supply . . . and with ample aqueduct and 
reservoir capacity, there is practically no difference in cost when 
very little water is being drawn [for use and waste] and when a full 
supply [and waste] is being drawn from the watersheds —.. . 
cost is not affected by reduction in water waste.” 


This is one of those insidious and dangerous half truths, amount- 
ing to heresy, that has cost the towns and cities of the United States 
untold millions of dollars during the past fifty years. For you 
will readily see — no one quicker than yourself, on having your 
attention called to it— that such doctrine engenders and fixes 
on a community and its officials habits of waste; and these in 
turn make necessary “ extending the water works’ many years 
before such costly procedures would otherwise have become 
necessary. Indeed, I know of a case where “ extending the water 
works ” was imminent, while utilizing the waste would have pre- 
sumably sufficed for that city some forty or fifty years. 

Mr. Brusu (by letter). Mr. Herschel criticises the proposition 
that, where the water works of a community have a capacity . 
greater than the present needs of the community, there is no 
difference in cost if the amount of water drawn is in excess of the 
needs of said community, provided the draft is within the capacity 
of the works and the operating and maintenance charges are not 
increased. 

This is the condition at the present time in the boroughs of 
Manhattan and The Bronx; and, as stated in the paper, the 
“ cost,” or the annual expenditure for maintenance and operation, 
is not affected by the amount of water now drawn from the water- 
sheds, as the draft is well within the capacity of all parts of the 
system. There was no intention on the part of the writer to 
minimize in any way the importance, as a general proposition, of 
* Civil and Hydraulic Engineer, New York City. 
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reducing waste of water. There are periods when, due to a 
combination of circumstances, the cost of reducing waste is greater 
than the cost of permitting it to continue, and under such condi- 
tions the writer believes that the engineer who recommends post- 
poning water-waste prevention work is performing his duty, but 
he would be negligent if he failed to give ample notice to the 
responsible officials when there was necessity for undertaking 
water-waste prevention work, to avoid extending the water supply 
system. 

The closing paragraph of the section covering ‘‘ Water-Waste 
Work in the Future” shows clearly the writer’s belief that, in the 
future, water-waste prevention work in New York City will 
again become a most important and vital financial question, and 
is now important as far as it relates to leakage from mains and 
services. 
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DECARBONATION AS A MEANS OF REMOVING THE 
CORROSIVE PROPERTIES OF PUBLIC WATER 
SUPPLIES.* 


BY GEORGE C. WHIPPLE, OF HAZEN & WHIPPLE, CONSULTING EN- 
GINEERS, NEW YORK CITY; PROFESSOR OF SANITARY ENGINEEP- 
ING IN HARVARD UNIVERSITY. 


DISCUSSION (continued from page 227). 
[September 11, 1913.} 


Mr. L. B. Litcu.t Free CO: and the corrosion of iron pipes, 
producing the so-called “‘ red water plague,” are closely associated. 
Filtered waters in general, and particularly those which have 
been treated with sulphate of alumina or sulphate of iron, have 
been shown to be more corrosive than unfiltered waters. Extra 
precautions should be taken to prevent, if possible, this in- 
crease in corrosive action. 

At the suggestion of Professor Whipple, experiments were con- 
ducted at the Steelton filtration plant; and as a result of these 
experiments new operating and controlling features were added to 
its regular routine. The Steelton filtration plant is best described 
in “ The Purification of the Water Supply of Steelton,” by James 
H. Fuertes.f 

The raw water supply of Steelton is from the Susquehanna 
River. Above the filtration plant this river has four tributaries. 
The north and west branches unite to form the main Susquehanna 
River at a point 60 miles above Steelton. The Juniata and 
Conedogwinet Creek flow into the main river at a point 16 miles 
above Steelton. The north branch drains the hard coal regions 
of Pennsylvania; the west branch, the sandstone and shale; the 
Juniata, limestone and red sandstone; and the Conedogwinet 
Creek, a limestone region. The drainage areas of these different 
tributaries are semi-mountainous and the streams are, therefore, 

* This paper was published in Journat N. E. W. W. A., Vol. 27, p. 193. 


t Steelton, Pa. 
t Trans. Am. Soc. C. E., Vol. 66, p. 135. 
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more or less ‘‘ flashy.’”’ The chemical characteristics of the waters 
of these different streams, as well as their appearance, differentiate 
them sharply from one another. 

The temporary hardness of the water from the north branch is 
very low; the permanent hardness very high. The color of the 
turbidity is black or grayish-black, but the suspended particles 
are partially coagulated, although the water is not clear between 
the flocs. The temporary and permanent hardnesses of the water 
from the west branch are low, the color of the turbidity is gray, 
and the suspended matter is so well-coagulated in very small 
flocs that the water is often clear enough between flocs to be filtered 
without the use of additional coagulant. The temporary hard- 
ness of the Juniata River and the Conedogwinet Creek are very 
high; the permanent hardnesses very low. The color of the tur- 
bidity of the Juniata River is red in its lower and yellow in its 
upper reaches. The color of the turbidity of the Conedogwinet 

"Creek is yellow. The waters of these two last tributaries are clay 
bearing and the turbidities are typical of such waters. 

The alkalinity of the Susquehanna River water at Steelton 
varies from 2 to 68 parts per million; the free CO, from 2 to 8 
parts per million. 

During ordinary stages of the river, the waters from the dif- 
ferent tributaries do not mix in the main river but flow past 
Steelton in streaks so distinct that the four colors of turbidity 
may be noticed at one time. At such times there is very little 
mixing of these different waters. However, when a heavy rainfall 
occurs on any one drainage area, the whole river at Steelton pre- 
dicts the character of the stream draining it. When the rainfall 
is general the characteristics of the individual tributaries appear 
in the Susquehanna at Steelton in a regular sequence, dependent 
upon the distance from Steelton to the points where the various 
branches empty into the main river. 

Naturally the river frequently shows the effect of transition 
from one type of water to another. For example, there is the 
so-called “switch” water. This is a mixture of yellow or red 
water with the black water. It appears after the crest of the black 
water flood has passed. This “ switch’ water cannot be coagu- 
lated by alum alone, despite the fact that the alkalinity ranges 
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from 35 to 45 parts per million. This phenomenon has been 
observed at other points on the Susquehanna River. Soda ash 
is not effective to assist ‘coagulation, but lime can be used with 
satisfactory results, the treated water being well coagulated and 
clear between the flocs. Frequently there is‘no reduction in the 
alkalinity of this water after alum has been added. The raw 
water after boiling is frequently acid to phenolphthalein. 

Because of the varying character of the raw water described 
above, and also because of a very short reaction period (twenty- 
eight minutes) previous to passing the water tothe roughing 
filters, it was imperative that the peculiarities of each class of 
water be studied in order that a satisfactory coagulant might be 
obtained when chemical treatment was necessary. In order to 
study the peculiarities of these waters, a 10-meter Kohlrausch 
bridge and apparatus for measuring the electro-conductivity of 
the water was added to the laboratory equipment. By means of 
this apparatus, chemical reactions, which are so slight that they 
cannot be measured accurately by the titration methods of ordi- 
nary chemical analysis, may be accurately recorded. Further- 
more, reactions may be studied experimentally and during their 
whole course without removing any of the solution experimented 
with, thereby keeping the experimental volumes constant. 

In treating the. ‘“ switch” water with alum, an increase in 
conductivity is noted. The amount of this increase remains 
practically constant, thus indicating either that no aluminium 
hydrate is being formed, or the formation of a soluble salt. When 
this water was tested for free CO. after the addition of alum, a 
slight increase in the amount of CO2 was noted, but only to the 
extent of about 25 per cent. of the amount called for theoretically 
by the addition of any given amount of alum. The corrosive 
action on iron of this treated water is greater than that of the 
untreated water, but it can be reduced greatly by the addition of 
lime. Lime, however, is never added in excess; its addition is 
controlled by the conductivity method mentioned above. 

The corrosive effect of CO: is greater when the alkalinity is low 
than when it is high. Again, the increase in free CO, resulting 
from the addition of lime to a water of low alkalinity tends to 
arrest, or at least retard, the complete reaction between the alum 
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(aluminium sulphate) and the alkalinity (calcium and magnesium 
bicarbonates). Under this condition, it has been shown that 
there is an aluminium compound remaining in solution. This 
condition should be avoided in plants using alum as a coagulant. 
It is the practice at Steelton to consider CO. under the varying 
conditions of its occurrence, and to apply the proper corrective 
treatment for it when necessary. As a result of this treatment, 
the borough prides itself upon the small amount of red water 
_ trouble which has occurred. 

When applying coagulant, under ordinary conditions, to any 
_one of the typical waters described above, the residual alkalinity 
is never allowed to go below 10 or 12 parts per million, and when 
coagulating a raw water which is changing in character rapidly, 
lime enough to combine with the amount of CO: equivalent to the 
amount of alum added is always used, thus insuring the practical 
completion of the reaction in accordance with chemical theory 
and preventing the formation of any compound of aluminium 
other than the hydrate. 

More study should be made of the reaction between alum and 
the water which is treated. Filter plant chemists and superin- 
tendents have been too much inclined to place reliance upon the 
theoretical reaction between alum and alkalinity given in the 
text-books, as explaining the reaction which takes place in practice, 
where the theoretical action never takes place because interfering 
chemicals are never absent. It is the writer’s belief that the sub- 
ject should be approached from the standpoint of physical chemis- 
try, and because the reactions are taking place in extremely dilute 
solutions, the laws of mass action should be regarded with due 
consideration. 

Mr. Epwarp D. Evprepee.* I have had an experience in 
Massachusetts which in some features is unique, and to which 
Professor Whipple’s paper particularly applies. Our supply 
ranks with one other in having the least color, and in the scale of 
hardness it ranks zero, —the only one in the state of Massa- 
chusetts having that rank. The result is that during certain 
periods of the year, notably in the spring, there is considerable 
trouble from red water. The supply is obtained from a woodland 


* Superintendent Onset Water Company, Onset, Mass. 
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pond fed by springs, and having no stream flow in or out. The 
watershed is entirely wooded with oaks and pines, and the soil is 
sandy. During the spring, when the level of the pond is rising, 
there seems to be present a considerable amount of carbonic acid, 
presumably taken from the decomposing vegetable matter on the 
surface of the watershed. Some seasons the amount of carbonic 
acid is greater than others, notably the year 1911, when in April 
there were three snowsto:ms which covered the surface like a wet 
sponge. The absorption of carbonic acid at that time seemed to 
be greater than in any other period that we have noticed. In 1912 
the rainfall was normal and there was not such a noticeable amount. - 
This last spring, 1913, the rainfall was quite excessive in April, 
and we noticed similar trouble with red water. As a result of 
Professor Whipple’s paper last winter I made some experiments 
with calcium hydrate. I made a saturated solution of the hydrate 
and added it in smali quantities to a sample of water in which 
were immersed pieces of iron and steel, to ascertain the action as a 
result of the addition of the hydrate. The action was very marked; 
a small quantity of calcium hydrate reduced the oxidation of the 
metal. It is my purpose, with the authority and advice of the 
State Board of Health, to adopt some method of introducing 
calcium hydrate, or some better chemical if possible, with the 
idea of reducing the red water plague during that particular season 
when the pond is receiving its new water. I presume the subject 
must be familiar in other localities where water is very soft. 

For service pipes we have found that cement-lined gives the 
best results, the water having no action on the cement. With 
galvanized iron we have found a number of cases where the pipes 
had become so much corroded and filled with tubercles that they 
had to be removed. 

JuLiAN 8. Srusoun, Esq.* I note in Mr. Whipple’s paper that 
he states carbonic acid gas can be as quickly and efficiently re- 
moved by soda ash as by lime. My experience has been that lime 
is somewhat superior, because the carbonic acid combines with it 
and can be removed in the filters as insoluble carbonate of lime. 
Soda ash, on the other hand, combines with carbonic acid to form 
bicarbonate of soda, a soluble product, which passes through the 


* With the Electrolytic Purification Company, Philadelphia, Pa. 
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filters and into the supply. In hot water systems the bicarbonate 
of soda is decomposed, liberating carbonic acid, which is then at. 
liberty to attack the piping. These thoughts are the result of 
experiments on both soda ash and lime, and in practice I have 
found the lime treatment to stand alone in producing a water 
entirely free from carbonic acid and its corrosive properties. 

Mr. R. S. Weston* (by letter). At Reading, Mass., where 
there is a deferrization plant, the CO, is removed by the addition 
of lime, and the writer is informed that no corrosion of the pipes 
has occurred since lime was used. 

In ordinary aération by spraying downwards from perforated 
plates or sprinklers, it does not pay to provide for a fall of more 
than one meter, or 40 in. To obtain a better removal of carbon 
dioxide without the addition of chemicals, it is essential to expose 
the water in a thin layer to the action of the air. The action of 
the air always displaces the carbon dioxide, — at first rapidly, 
and then slowly, until equilibrium between the ¢arbon dioxide 
in the atmosphere and that in the water is established. The 
rough surfaces in a bed of coke, brick, paving blocks, or in superim- 
posed bundles of wooden slats greatly accelerate the washing out 
of carbon dioxide by the oxygen of the air. Dr. Dunbar, of 
Hamburg, has shown that if a coke bed, used for iron removal, be 
operated intermittently, it will absorb oxygen during the periods 
of rest, which oxygen will replace the carbon dioxide in the water 
during periods of operation. 

At Reading, Mass., an aérator consisting of a bed of broken — 
stone 3 ft. thick increased the oxygen in the water from 1.18 to 
5.27 parts, and decreased the carbon dioxide from 20.0 to 7.2 
parts per million. 

At Rumford Falls, Me., the aérator used to treat the ground- 
water supply consisted of fifteen trays with perforated bottoms, 
placed one above another and spaced about 1.5 ft. apart. This 
apparatus reduced the carbon dioxide from 48 to 5 parts per 
million. By filling only two of the fifteen trays with broken stone, 
the carbon dioxide was further reduced to 3 parts per million, thus 
showing the results of contact. 


* Consulting Sanitary Engineer, Boston, Mass. 
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At Middleboro the following results were obtained with a 
well water having a temperature of 11.6 ° cent.: 


Parts PER MILLION. 


Dissolved Carbon 
Oxygen. Dioxide. 


Well water, 3.3 48 
Ditto, after dripping 1.5 ft. from a spray nozzle, 23 40 
Ditto, after trickling over a depth of 4.5 ft. of coke and 

broken stone at a rate of 75 m.g.a.d., 10.7 5.0 
Ditto, after passing through a deaths of 3 ft. of coke 

submerged in water, in a subsiding basin, 10.3 4.5 


At Cohasset, Mass., the following results were obtained with 
a well water having a temperature of about 10° cent.: 


Parts PER MILLION. 
Dissolved Carbon 
Oxygen: Dioxide. 
Well water, 2.4 51 
Ditto, after falling 3 ft. from the spray nozzle, 4.5 41 
Ditto, after passing through a depth of 5 ft. of broken 
stone, all submerged, the rate of passage being equiva- 
lent to 75 m.g.a.d., 5.75 29 
Ditto, after falling 3 ft. from a spray nozzle and then 
trickling over a depth of 5 ft. of broken stone not sub- 
merged and operating at a rate of 75 m.g.a.d., 10.5 7.7 


At Brookline experiments are being conducted to determine the 
most efficient method of aérating the water, as follows: 

System No. 1. Spraying from a nozzle from a height of 1.5 ft. 

System No. 2. Spraying from a nozzle and then allowing the 
water to trickle over a layer of coke 2 ft. in depth at a rate of 
75 m.g.a.d. 

System No. 3. Like No. 2 but with a layer of coke 5 ft. in 
depth. 

System No. 4. Like No. 2 but with a layer of coke 10 ft. in 
depth. 

The following results are typical. The temperature of the 
water at the time of the experiments was 15.5° cent. 
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Parts PER MILLION. 
Dissolved Carbon 


Oxygen. Dioxide. 

Wells, 2.02 24.8 
Effluent, System No. 1, 8.49 8.5 

No. 4, 9.63 4.8 


” ” 


The effect of aération in contact varies with different waters, 
as well as with the relative temperatures of air and water and the 
intimacy of the contact between the same. 

In order to increase hardness of water, it is often more conven- 
ient to spray water over broken limestone or marble than to apply 
to it the proper amount of calcium hydrate. The writer feels 
certain that it is always best to decarbonize the water to the 
practicable limit by aération before beginning the addition of 
chemicals to reduce the corrosive effect of the water. 

Pror. G. C. Wurppie (by letter). There is one phase of the 
decarbonation question that was not mentioned in the original 
paper, namely, the effect which the addition of lime has upon the 
bacteria in water. Dr. A. C. Houston, of London, has shown by 
an interesting series of experiments that when water is treated 
with an excess of lime, such bacteria as those which cause typhoid 
fever are speedily destroyed. More recently, Mr. C. P. Hoover, 
the chemist-in-charge of the water filtration plant at Columbus, 
Ohio, has performed an even more important series of experi- 
ments, which indicate that typhoid fever bacilli die within a 
few hours in water from which the free carbonic acid has been 
removed. In other words, his experiments indicate that disinfec- 
tion is obtained by the use of a smaller amount of lime than Dr. 
Houston contemplated using. Mr. Hoover’s researches are pub- 
lished in the Engineering Record of September 6, 1913. This 
detailed account of the experiments is worthy of careful study. 
His conclusions were stated as follows: '‘ 

(1) When enough lime is added to water to absorb the free 
and half-bound carbonic acid and to precipitate the magnesium 
content, the bacteria of the colon and typhoid group are killed in 
forty-eight hours after being so treated, provided the water does 
not contain large quantities of organic matter. 
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(2) The germicidal action is effective in from five to twenty- 
four hours when an excess of 1.2 to 1 gr. per gallon is added beyond 
that needed to reduce the temporary hardness to the lowest 
possible figure. 

(3) Intestinal organisms will not live in water containing no 
free or half-bound carbonic acid. 

(4) Lime-softened water inoculated with typhoid organisms or 
with crude sewage soon becomes free from them. 

(5) The action is selective in that certain harmless bacteria 
grow, but the disease-producing germs do not. 

It seems to the writer that if Mr. Hoover’s experiments can 
be trusted, and they seem to have been made with the greatest 
care, we have here a partial explanation of the enhanced safety 
of water during storage in natural lakes and reservoirs. 

It is a fact that has been established during recent years that 
alge and other aquatic plants frequently use up all of the free 
carbonic acid during their growth by the biological process known 
as photo-synthesis. They will even remove some of the half- 
bound carbonic acid. It would appear, therefore, that this nat- 
ural decarbonation of the water tends of itself to destroy such 
bacteria as the germs of typhoid fever. 

Thus we see that natural storage tends to disinfect water even 
though the storage be short, provided that alge are growing 
vigorously in the water. The term “ purging,” which is sometimes 
used to describe growths of algz in ponds, is thus seen to have a 
meaning that is justified. é 

The title of Table 10, page 220, is slightly misleading. The 
figures given in the table do not show directly the reduction of 
carbonic acid, but rather the amounts of carbonic acid left after 
the stated periods of exposure. 

The writer desires to thank those who have contributed to the dis- 
cussion, and especially Dr. Thresh for his interesting account of Eng- 
lish conditions. Mr. Simsohn states that he prefers lime to soda ash 
for the purpose of decarbonation, and with this idea the writer is 
inaccord. Mr. Litch, of Steelton, has been carrying on a very valu- 
able series of experiments on coagulation, and it is hoped that some 
day he will publish these in a more extended form so that the 
members of this Association may have the benefit of his work. 
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PROCEEDINGS. 
THE THIRTY-SECOND ANNUAL CONVENTION. 
PHILADELPHIA, Pa., September 10, 11, 12, 1913. 


The Thirty-Second Annual Convention of the New England 
Water Works Association was held at Philadelphia, Pa., Septem- 
ber 10, 11, and 12, 1913. 

The official headquarters of the Association were at Hotel Wal- 
ton, where the sessions of the Convention were held and the Asso- 
ciate members displayed their exhibits. 

The following named members and guests were in attendance: 


Honorary MEMBER. 


Mr. F. W. Shepperd. — 1. 
MEMBERS. 


J. M. Anderson, M. N. Baker, L. M. Bancroft, F. A. Barbour, G. W. Batchel- 
der, G. H. Benzenberg, C. R. Bettes, Philander Betts, F. E. Bisbee, A. E. 
Blackmer, J. W. Blackmer, Dexter Brackett, W. W. Brush, James Burnie, 
J. 8. Buzby, J. M. Caird, T. J. Carmody, C. E. Chandler, E. W. Clarke, © 
R. C. P. Coggeshall, E. S. Cole, F. L. Cole, W. R. Conard, H. R. Cooper, 
G. K. Crandall, A. W. Cuddeback, C. E. Davis, J. M. Diven, F. C. Dunlap, 
E. R. Dyer, J. H. Dunlap, E. D. Eldredge, G. R.-Ellis, E. A. Fisher, A. D. 
Flinn, W. B. Fuller, W. E. Fuller, A. 8S. Glover, J. W. Graham, F. W. Green, 
F. H. Gregory, Patrick Gear, F. E. Hall, L. M. Hastings, E. L. Hatch, W. C. 
Hawley, Allen Hazen, A. B. Hill, N. 8. Hill, Jr.. W. C. Hopper, F. J. Hoxie, 
J. L. Hyde, D. D. Jackson, A. W. Jepson, G. A. Johnson, F. T. Kemble, 
G. G. Kennedy, Willard Kent, J. A. Kienle, F. C. Kimball, G. A. King, J. J. 
Kirkpatrick, Morris Knowles, E. B. Kontkovski, B. C. Little, J. B. Longley, 
F. H. Luce, T. J. Lynch, M. B. Litch, Daniel McDonald, T. H. McKenzie, 
W. A. McKenzie, John Mayo, F. E. Merrill, H. A. Miller, E. E. Minor, F. F. 
Moore, J. W. Moran, J. A.- Newlands, F. L. Northrop, E. L. Nuebling, A. E. 
Pickup, W. D. Pollard, J. C. Rickards, W. H. C. Ramsey, J. F. Reagan, 
Jr., A. A. Reimer, P. R. Sanders, H. W. Sanderson, G. H. Shaw, J. E. Shel- 
don, R. W. Sherman, M. A. Sinclair, J. Waldo Smith, W. E. Spear, J. F. 
Sprenkel, G. A. Stacy, G. T. Staples, W. F. Sullivan, Russell Suter, R. J. 
Thomas, J. L. Tighe, J. A. Tilden, J. C. Trautwine, Jr., C. H. Tuttle, J. H. 
Walsh, F. P. Washburn, F. J. Wise, G. C. Whipple, J. C. Whitney, Logarus 
White,-F. E. Winsor, I. 8S. Wood, Walter Wood, Timothy Woodruff. — 115. 
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ASSOCIATES. 


American Bitumastic Enamels Company, by L. Stuart, L. B. Darling, G. 
J. Hermiston, J. Gibson, S. R. Rickards, and Harry Myers; Thomas D. 
Bausher; James Boyd & Bro., Inc., by Lewis Libengood; Buffalo Meter 
Company, by W. J. Chellew and R. L. Cook; Builders Iron Foundry, by 
N. L. Sammis; Central Foundry Company, by R. W. Conrow, K. G. Martin, 
H. J. Hoeltze, and W. H. Feltt; Chapman Valve Manufacturing Company, 
by J. T. Mulgrew; Eddy Valve Company, by F.S. Robinson; Electro Bleach- 
ing Gas Company, by E. D. Kingsley; Engineering Record, by A. E. Warner, 
R. K. Tomlin, Jr., and I. S. Holbrook; Gamon Meter Company, by C. A. 
Vaughan; Glauber Brass Manufacturing Company, by J. Bernstein; Joseph 
Dixon Crucible Company, by R. R. Belville; Hays Manufacturing Company, 
by C. E. Mueller; Hersey Manufacturing Company, by Albert S. Glover, J. 
A. Tilden, W. A. Hersey, W. C. Sherwood, W. T. Kershaw, O. P. Hanks, 
and B. D. Hutley; Lead Lined Iron Pipe Company, by J. W. McCormack 
and T. E. Dwyer; The Leadite Company, by J. G. McKay, George McKay, 
Jr., and J. P. McKay; Ludlow Valve Manufacturing Company, by A. R. 
Taylor; H. Mueller Manufacturing Company, by G. A. Caldwell, F. B. 
Mueller, and O. B. Mueller; National Meter Company, by E. E. Cooke, J. G. 
Lufkin; and W. P. Oliver; National Tube Company, by H. T. Miller; Na- 
tional Water Main Cleaning Company, by A. J. Yeager, B. B. Hodgman, and 
‘Clinton Inglee;' Neptune Meter Company, by R. D. Wertz and T. D. Faulks; 
New York Continental Jewell Filtration Company, by E. K. Sorenson; Pitts- 
burgh Meter Company, by V. E. Arnold, T. C. Clifford, and J. W. Turner; 
‘Rensselaer Valve Company, by F. S. Bates and C. L. Brown; Ross Valve 
‘Manufacturing Company, by William Ross; S: E. T. Valve and Hydrant 
Company, by C. L. Lincoln and E. I. Corcannon; Simplex Valve and’ Meter 
Company, by W. T. Harveson, E. R. Glenn, C. C. Belmey, A. C. Fisher, 
and M. M. Borden; A. P. Smith Manufacturing Company, by D. F. O’Brien, 
F. L. Northrop, T. F. Halpin, and A. C. Nieman; Standard Cast Iron Pipe 
and Foundry Company, by W. F. Dodds, W. C. Hammond, and W. F. Wood- 
burn; Thomson Meter Company, by E. M. Shedd, W. S. Cetti, S. D. Higley, 
and J. L. Atwell; Union Water Meter Company, by L. P. Anderson and 
Edward Otis; Water Works Equipment: Company, by W. H. Van Winkle, 
W. H. Van Winkle, Jr., and E. T. Scott;.R. D. Wood & Co., by C. R. Wood, 
A. T. Prentice, H. M. Simons, and Walter Wood; Henry R. Worthington, 
by J. A. Post, Samuel Harrison, T. C. McBride, P. B. Fenlon, J. E. Torbush, 
'C. H. Morse, C. F. Carver. — 91. 


GUESTS. 


Mrs. James Burnie, Miss Helen M: Burnie, Biddeford, Me.; Mrs. L. M. 
Bancroft, Reading, Mass.; Mrs. George T. Staples, Dedham, Mass.; Mrs. 
George A. Caldwell, W. J. Rose, W. R. Taylor, Mrs. Albert S. Glover, Mrs. 
Dexter Brackett, Miss Joan M. Ham, Boston, Mass.; Mrs. J. L. Hyde, Miss 
Helen Sanderson, Westfield, Mass.; Mrs. John Mayo, Bridgewater, Mass.; 
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Neddie Eldredge, Onset, Mass.; Mrs. George A. Stacy, Marlboro, Mass.; 
Mrs. Arthur E. Blackmer, Plymouth, Mass.; Mrs. Frank E. Merrill, Somer- 
ville, Mass.; Mrs. L. M. Hastings, Cambridge, Mass.; Mrs. Thomas J. Car- 
mody, Joseph Lynch, Holyoke, Mass.; John E. Sullivan, Lowell, Mass.; 
Mrs. Irving S. Wood and D. K. Bartlett, Providence, R. I.; Mrs. Willard 
Kent, Narragansett Pier, R. I.; Mrs. George K. Crandall, New London, 
Conn.; Mrs. Charles E. Chandler, Norwich, Conn.; Mr. H. R. Cooper, 
Thompsonville, Conn.; Mrs. T. H. McKenzie, Hartford, Conn.; S. W. Hume, 
F. M. Griswold, James H. Van Burke, Mrs. John H. Gregory, Mrs. F. W. 


Shepperd, Fred Shepperd, Nathan C. Rockwood, Mrs. W. W. Brush, Fred ' 


W. Schultz, Mrs. I. S. Holbrook, Dr. George Ornstein, M. F. Tiernan, New 
‘York City; Mrs. Frank E. Winsor, White Plains, N. Y.; Charles H. White, 
New York City; Mrs. Fred F. Moore, Hawthorne, N. Y.; Mrs. James M. 
Caird, Mrs. Fred S. Bates, Troy, N. Y.; D. C. Randall, Tupper Lake, N. Y.; 
Miss Celia Ryan, Ausable Forks, N. Y.; D. N. Durland, Far Rockaway, 
N. Y.; D. A. DeCrow, Buffalo, N. Y.; Mrs. T. F. Halpin, Newark, N. J.; 
Alvin Bugbee, Charles H. Speck, Wm. J. Stewart, Trenton, N. J.; Mrs. F. W. 
Green, Little Falls, N. J.; C. D. Mathews, Camden, N. J.; B. F. Souder, 
Atlantic City, N. J.; Henry Ryan, Bridgeton, N. J.; J. W. Griffin, Jersey 
City, N. J.; Mrs. F. C. Kimball, Summit, N. J.; Mrs. G. G. Kennedy, Harris- 
burg, Pa.; J. Benbaker, Jenkintown, Pa.; George H. Wobensmith, C. A. 
Vance, Joseph Thompson, Julian S. Lincoln, Miss Longstreth, N. M. Akimoff, 
Mrs. George E. Nichols, Mrs. John C. Trautwine, Jr., H. W. Benjamin, C. 
P. Landreth, Mrs. G. M. Costello, George F. Noer, George M. Costello, 
Graham Starr, F. C. Viguerie, W. Whitby, Arthur C. Merrill, H. S. Purdy, 
Joseph Fenerty, Francis D. West, John Moody, Edward O’Brien, J. C. Mc- 
Hugh, C. N. Kaprie, Philadelphia, Pa.; M. K. Smith, Charles T. Martin, 
Wilmington, Del.; G. W. Young, Canton, N. C.; Miss May S. Pollard, 
J. F. Pollard, Pottsville, Pa.; Mrs. C. E. Mueller, Erie, Pa.; Mrs. M. B. 
Litch, Steelton, Pa.; Walter L. Watson, North Catasauqua, Pa.; Edward 
Elbert, Reading, Pa.; J. Archibald, Newtown, L. I.; Mrs. J. H. Dunlap, 
Iowa City, Ia. — 96. 


WEDNESDAY, SEPTEMBER 10, MorniNnG SESSION. 


The convention was called to order at 10.30 a.m. by J. Waldo 
Smith, the President, who said: ; 

When Director Cooke sent us a most cordial invitation to meet 
in convention in this city, we all expressed not only our willingness 
but our anxiety to come, for the fame of the chief executive of this 
city had gone abroad. We had heard that he was a man of great 
courage and great independence; that he was trying to give this 
city a practical business administration; and that to this he was 
appointing men to the principal positions in the city for merit 
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and fitness and not by reason of any political service, and that 
after these men had been appointed they were left to make good, — 
they were not trammeled in making their appointments or choos- 
ing their associates. This is a most unusual thing in a great ony 
like Philadelphia. 

It is with great pleasure that I introduce to you Mayor Blanken- 
burg, of Philadelphia. 

Hon. RupotpH BLANKENBURG. Mr. Chairman and Members 
of the New England Water Works Association, —I1 appreciate the 
very kindly introduction at the hands of your chairman. I am 
glad that the fame of this administration has reached outside 
of Philadelphia, because there are quite a number of people in 
Philadelphia who have not as yet heard of it. Perhaps it is 
because they don’t want to hear. There are unfortunately too 
many people in this world who won’t learn and who won’t believe 
facts; but the facts are here. 

As your presiding officer has said, it has been my aim to give 
Philadelphia a thorough business administration. That is the 
one thing needed in every municipality over our broad land. We 
must exclude politics in every way if we want to achieve and 
accomplish that kind of municipal government which will be of 
the greatest benefit to the masses of the people. This has been 
my aim, and I am glad to be able to look at two representatives of 
this administration who were appointed by me and through me 
and who are making good in every way. Let me assure you, 
gentlemen, that I have never yet asked a man’s politics or his 
religion when I appointed him to office or was instrumental in 
having the appointment go to him, and I never shall. Efficiency 
is the watchword that has been the ground work of this adminis- 
tration. 

I speak to you feelingly, gentlemen, because you are the oldest 
association in this country,—the New England Water Works 
Association. You have done a great deal of good, and you are 
-not confined to-day, as I understand, to sania England, but you 
embrace many parts of this country. 

It is well that New England should come to Philadelphia, for 
in New England, in the city of Boston, — next to Philadelphia, 
of course, — we find more of the old spirit that was imbued and 
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that was implanted in our people during the War of Independence 
than in any other part of the country. People living in the far 
West cannot help it, because that was not part of our country 
then. But we will give you a Roland for your Oliver every time. 
You point with pride to Bunker Hill; we take you to Independence 
Hall. But we do not want to speak of this, because we are all 
one people, we are all united in one purpose, — to show to the 
world that the republican form of government can be established 
and maintained, and that it is not a failure. 

Now, gentlemen, as mayor of this city I extend to you a most 
hearty welcome. We are really being favored, for the New Eng- 
land Water Works Association is with us to-day and the American 
Water Works Association will be with us next spring. There will 
be plenty of water to discuss. I don’t know how it is with you, 
but sometimes here in Philadelphia we find a stick in the water. 
But we don’t find any unfiltered water, any raw water. We are 
not giving you a raw welcome; we are giving you a welcome that 
is thoroughly filtered and clean, at least as far as the water is 
concerned. 

I am not going to detain you by a lengthy speech. I believe 
Philadelphia is the first city in which water works were estab- 
lished, — by Benjamin Franklin. We often brag about Benjamin 
Franklin, and then the retort comes to us, ‘“‘ Oh, yes; but we gave 
him to you from New England.”’ He wasn’t a real Philadelphian, 
he was only imported—as I was myself. But Philadelphia 
had the first water works, and those old, old water works are still 
visible. 

Make yourselves comfortable while you are in our city. The 
freedom of Philadelphia is extended to you most heartily. Have a 
good time, and I hope that you will remember your visit to Phila- 
delphia in the future with the greatest of pleasure. 

THE PRESIDENT. On behalf of the New England Water Works 
Association I thank you most heartily, Mr. Mayor, for this very 
cordial reception. I am sure that with all you have provided for 
us, and because of the historic interest of the city, our stay here 
will be most pleasant, agreeable, and instructive. And I hope 
that this meeting will prove of profit to you and your great city. 

We have here with us Mayor Blankenburg’s right-hand man, 
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Director Cooke, who presides, as I understand, over most of the 
departments of this city. We feel very cordial towards Mr. 
Cooke, because he saw fit to choose as his principal assistant in 
the water department’a son of New England and a member of 
this Association. We would be very glad if Mr. Cooke would 
say a word to us. i 

Mr. Morris L. Cooxe.* Mr. Chairman and Gentlemen, — It 
is a great pleasure to say just a word. I am going to confine it 
simply to thanking the men in this room, as representing the 
engineering profession in this country, for the truly remarkable 
support that this administration has had at the hands of that 
profession. From every branch of engineering word has come to 
us, ‘‘ We are at your service, and we are on call.” Starting in 
as we did in many departments of the city administration without 
the most adequate engineering advice, it has been necéssary on a 
great many occasions to go to the leading men in your profession, 
and in the engineering profession both in your branch and others. 
In every instance that appeai has not only not been in vain, but 
we have had a response and a character of assistance that would 
have made the engineering department of any administration a 
success. 

As far as your stay here is concerned, I want to add my word to 
that of his honor the mayor in trusting that you will have a good 
time, and in begging that you will command my office if there is 
any way in which we can be of assistance. 


The Secretary read the following names of applicants for mem- 
bership, all of whom had been properly endorsed and approved by 
the Executive Committee: 


Active: Weston E. Fuller, New York City; William John Turn- 
bull, State Farm, Mass.; E. W. Sylvester, City Hall, Pough- 
keepsie, N. Y.; M. B. Litch, Steelton, Pa.; N. W. Akimoff, 
Philadelphia, Pa.; Eugene B. Kontkovski, St. Petersburg, Russia; 
Lazarus White, New York City; Wilbur Thomas Wilson, New 
York City; Frederick E. Tupper, City Hall, Quincy, Mass.; D. 
C. Shull, Apollo, Pa.; Walter P. Schwabe, Windsor Locks, Conn.; 
Pane Langthorn, New York City; Arthur N. Burnie, Bidde- 
ord, Me. 


* Director of the Department of Public Works, Philadelphia. 
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Meter Company, Buffalo, N. Y.; Simplex Valve and Meter 


Company, Philadelphia, Pa.; American Bitumastic Enamels 


Company, New York City; The Leadite Company, Philadelphia, 
Pa.; Joseph Dixon Crucible Company, Jersey City, N. J. 


On motion the Secretary was empowered to cast the ballot of 
the Association in favor of the candidates, and, he having done so, 
they were declared by the President duly elected members of the 
Association. 

Mr. George A. King moved that the President be empowered to 
appoint a committee of five to nominate officers for 1914. The 
motion was adopted. The President subsequently appointed the 
following committee: Robert C. P. Coggeshall, chairman; George 
A. Stacy, Edwin C. Brooks, George C. Whipple, Charles W. 
Sherman. 

The first paper on the program was on “‘ Notes on Reduction of 
Waste of Water in New York City,” by William W. Brush, deputy 
chief engineer, Department of Water Supply, Gas, and Electri- 
city, New York City. The paper was discussed by Mr. Edward 
S. Cole, 220 Broadway, New York City; Mr. W. C. Hawley, 
chief engineer and general superintendent Pennsylvania Water 
Company, Wilkinsburg, Pa.; Mr. John 8. Ely, assistant engineer 
in the Bureau of Water, Philadelphia; Mr. John C. Whitney, 
water commissioner, Newton, Mass.; Mr. Beekman C. Little, 
superintendent water works, Rochester, N. Y.; and Mr. Edward 
D. Eldredge, superintendent Onset Water Company, Onset, Mass. 

Mr. A. W. Cuddeback, engineer and superintendent, Passaic 
Water Company, Paterson, N. J., read a paper entitled “ Effect 
of the Condition of Meters on Revenue.” This paper was dis- 
cussed by Mr. Theodore H. McKenzie, secretary and treasurer 
Terryville (Conn.) Water Company, Southington, Conn.; Mr. 
John C. Whitney; Mr. William F. Sullivan, engineer and superin- 
tendent Pennichuck Water Works, Nashua, N. H.; Prof. Phil- 
ander Betts, chief engineer Public Utilities Commission, State of 
New Jersey, Newark, N. J.; Mr. George A. King, superintendent 
water works, Taunton, Mass.; Mr. W. C. Hawley; Mr. Francis 
T. Kemble, secretary New Rochelle Water Company, New 
Rochelle, N. Y.; and Mr. John C. Trautwine, Jr., of Philadelphia. 


Associates: James Boyd & Bro., Inc., Philadelphia, Pa.; Buffalo 
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AFTERNOON SESSION. 


THE PresipENT. The chairman of the committee on arrange- 
ments, Mr. Davis, has an announcement to make about the ex- 
cursion to-morrow afternoon. 

Mr. Davis announced that an excursion had been arranged by 
sight-seeing automobiles through portions of Fairmount Park, 
including stops at Queen Lane Pumping Station, Queen Lane 
Filters, and one of the high pressure fire stations, where a fire 
company would be called out and a demonstration given. 

The first business of the afternoon was an illustrated paper by 
Mr. Hiram A. Miller, consulting engineer, of Boston, Mass., on 
“The Additional Water Supply for the City of Pittsfield, Mass.’ 

THE PREsipENT. There are two matters laid over from the 
March meeting for discussion at this meeting. The first is the 
report of the Committee on Water Consumption and Statistics 
Relating Thereto, which was presented at the March meeting of 
the Association by Mr. Leonard Metcalf, the chairman. An 
opportunity is now afforded for further discussion of this report of 
the special committee on that subject. I would suggest that 
members who are interested in this subject will read carefully the 
very excellent report which was presented by this committee, 
and be prepared to take up the discussion of it at a winter meeting: 
This Association has always done very high-grade work in the 
reports of its committees, and it is desirable that this should be 
reviewed in the most thorough manner before it is finally adopted. 

The report of the committee on ‘‘ Low Yields of Catchment 
Areas in New England, and, at Their Discretion, Outside of New 
New England,” comes up at this time. The chairman of that 
committee is not here, but I think some of the members of that 
committee are present. Discussion or remarks are invited. If 
there is no objection this report will also be laid over to a winter 
meeting. 

Does any person present wish to suggest. any further business 
to bring to the attention of this meeting at this time? There 
being no response a recess will be taken until eight o’clock this 
evening, when further papers will be presented. 


. 


PROCEEDINGS. 


EVENING SESSION. 


THE PrREsIDENT. In order that we may have a better under- 
standing of the Philadelphia water works which we are to visit 
on Friday, Mr. Carleton E. Davis, the chairman of the committee 
on arrangements, and the chief engineer of the Bureau of Water of 
Philadelphia, will give an outline description of the Philadelphia 
water-works. 

Mr. Davis then gave an illustrated talk on the Philadelphia 
water-works system. 

Next came a paper by Mr. Francis D. West, chemist in charge, 
Torresdale Laboratory, on the “ Torresdale Filter Plant Methods 
and Results from 1907 to Date,” illustrated. The paper was dis- 
cussed by Prof. George C. Whipple, of Harvard University; Mr. 
John H. Gregory, consulting engineer, New York City; Mr. 
Trautwine; Mr. Joseph S. V. Siddons, superintendent Torresdale 
Filters; and Mr. John A. Kienle, sanitary engineer, Electric 
Bleaching Gas Company, New York City. 

A paper followed, on ‘ Mortality Rates of Philadelphia in 
Relation to the Water Supply,”’ by John A. Vogleson, chief of the 
Philadelphia Bureau of Health. As Mr. Vogleson was absent 
from the city his paper was read by Dr. Joseph S. Neff, of Phila- 
delphia, Director of Public Health. At the conclusion of the 
paper it was discussed by Mr. John A. Kienle; Mr. Edgar M. 
Hoopes, Jr., chief engineer of the Water Department, Wilming- 
ton, Del.; Mr. Richard Winslow Sherman, chief engineer Con- 
servation Commission, Albany, N. Y.; and Mr. W. C. Hawley. 


THURSDAY, SEPTEMBER 11, MORNING SESSION. 


The day’s proceedings began with the reading of a paper by 
Mr. F. J. Hoxie, engineer and special inspector, Associated Fac- 
tory Mutual Fire Insurance Companies, Boston, Mass., on 
“‘ Methods of Locating Leaks in Water Mains.” .This was dis- 
cussed by Mr. Allen Hazen, civil engineer, New York City; Mr. 
R. C. P. Coggeshall, superintendent water works, New Bedford, 
Mass.; Mr. Dexter Brackett, chief engineer Metropolitan Water 
Works, Boston, Mass.; Mr. George A. Stacy, superintendent 
water works, Marlboro, Mass.; Mr. W. C. Hawley; and Mr. - 
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Patrick Gear, superintendent Holyoke Water Department, 
Holyoke, Mass. 

A paper entitled “ Loss of Head in Bends” was read by Mr. 
Weston E. Fuller, consulting engineer, New York City, and was 
discussed by Mr. Francis T. Kemble, Mr. Allen Hazen, and Mr. 
Richard Winslow Sherman. 

Then came discussion of paper by Prof. George C. Whipple, on 
“ Decarbonation of Water,’ which was presented at the March 
meeting of the Association. The President said that this was a 
subject that ought to appeal particularly to the men interested 
in filtration, and those troubled with the red water plague, and he 
called upon Mr. Whipple to open the discussion by saying more 
about his paper. It was also discussed by Mr. M. B. Litch, 
Steelton, Pa.; Mr. Edward D. Eldredge; and Mr. Julian S. 
Simsohn, electro-chemist, Electrolytic Purification Company, 
Philadelphia. 

The President called for progress report from the committee 
on “Standard Specifications for Cast-Iron Pipe,’ Mr. F. A. 
McInnes chairman. 

THE Presmpent. I think Mr. King has a report to make. 

Mr. Kine. The committee has done some work, and can only 
report progress at this time. I have a letter here from Mr. Mc- 
Innes, which I will read. 


Boston, Mass., August 27, 1913. 


Kent, Secretary, 
New England Water Works Association, 
NARRAGANSETT Pier, R. I. 


Dear Sir, — The committee on “ Standard Form of Specifications for 
Cast-Iron Water Pipe and Special Castings ” is not ready to report at the 
annual convention about to be held in Philadelphia. It is necessary to 
“Make haste slowly ” in this matter, so many different interests being in- 
volved. 


Yours very truly, 
F. A. McInnes, Vice-President. 


_ Tue Presipent. There is also a progress report due on “ Stand- 
ard Specifications for Hydrants,” Mr. H. A. Lacount, chairman. 
Is there any report on this subject? Does any one desire to say 
anything on the subject of ‘Standard Specifications for Hy- 
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drants’"? There being no response I will call on Mr. Griswold to 
tell us about the standard hose couplings. 

Mr. F. M. Griswold, general inspector, the Home Insurance 
Company, New York, then addressed the meeting in regard to 


the Standard hose coupling. 
Mr. W. F: Woodburn presented the following report of the 


Committee on Exhibits. 
PHILADELPHIA, September 11, 1913. 


Mr. J. Waupo Smita, President New England Water Works Association: 

Dear Sir, —I take pleasure in submitting the report of the Committee on 
Exhibits. 

The following Associate members exhibited: 

H. Mueller Manufacturing Company, Decatur, IIl., brass goods, tapping 
machines, water meter tester, large pipe cutter, and other tools and ap- 
pliances; A. P. Smith Manufacturirg Company, East Orange, N. J., large 
and small tapping machines, fire hydrants, gates, brass goods and appli- 
ances; Hays Manufacturing Company, brass goods, tapping machines, 
curb boxes, etc.; Chapman Valve Manufacturing Company, Boston, Mass., 
brass and iron body gate valves, Anderson couplings, and fire hydrants; S. E. 
T. Valve and Hydrant Company, New York, gate and curb boxes; Lead Lined 
Iron Pipe Company, Wakefield, Mass., lead and tin lined pipe; Water Works 
Equipment Company, New York, tapping machines, automatic calking and 
tamping tools, etc.; National Tube Company, Pittsburg, Pa., black and 
galvanized pipe and special lead joints; Central Foundry Company, New York, 
Universal pipe; Ross Valve Manufacturing Company, high pressure fire 
hydrants, regulator valves, etc.; Simplex Valve and Meter Company, Phila- 
delphia, Pa., meters and valves; Builders Iron Foundry Company, Providence, 
R. I., meters; Electro Bleaching Gas Company, New York, N. Y., water 
purifying apparatus; National Water Main Cleaning Company, New York, 
samples of filled and cleaned water mains; Standard Cast Iron Pipe and 
Foundry Company, Bristol, Pa., and Malden, Mass., cast iron pipe; American 
Bitumastic Enamel Company, Philadelphia and New York, preservative 
enamel; Joseph Dixon Crucible Company, Jersey City, N. J., graphite and 
preservative paint; The Leadite Company, Philadelphia, Pa., leadite and 
leadite gasolene furnace; T. D. Bausher, Reading, Pa., lead melting furnace 
and fuel; James Boyd & Bro., Inc., Philadelphia, Pa., pump valves and ap- 
pliances; Hersey Manufacturing Company, South Boston, Mass., water 
meters; Neptune Meter Company, New York, N. Y., water meters; Henry 
R. Worthington, Boston, Mass., New York and Philadelphia, water meters; 
National Meter Company, New York and Boston, Mass., water meters; 
Thomson Meter Company, Brooklyn, N. Y., water meters; Union Water 
Meter Company, Worcester, Mass., water meters; Gamon Meter Company, 
Newark, N. J., water meters; Pittsburg Meter Company, East Pittsburg, 
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Pa., and New York, water meters; Buffalo Meter Company, Buffalo, N. Y., 
water meters; Fire and Water Engineering; Engineering News; Engineering 
Record; American City. 


Submitted by 
Wo. F. Woopsurn, Chairman, 
Frank L. Norturvp, 
Tuomas McBripe, 
Committee on Exhibits. 


THE PresipENT. Is there any further business to be brought 
to the attention of this meeting at this time? 

Pror. Grorce C. WuipeLeE. Mr. President, — Last evening in 
the discussion of Mr. West’s paper* I made a suggestion which I 
would like to place before the Association at this time in a more 
formal way. It is that a committee be appointed to consider and 
report upon the statistics of filter operation. It seems to me that 
there is need for some work to be done along this line, for when one 
studies and looks over the reports that describe the operation of 
filters in various parts of the country, he finds that they are in 
many ways very unsatisfactory. They are not uniform, and it is 
difficult to compare the results of one filter with those of another. 
There are many changes that need to be made in our methods of 
report. It seems to me that the whole subject is one that is 
worthy of being considered by this Association, and I therefore 
make the motion, Mr. President, that a committee of five be 
appointed to consider the subject of the statistics of filter operation 
and report at the next convention of the Association. 

Mr. Frank W. GreEN.t Mr. President, —I would like to 
second that motion. In my position as superintendent of a 
filtration works, I have frequently noticed the need of such a 
report. It would be a very good thing if we could get some line 
on the subject, and have the reports from the many plants through- 
out the country conform, as nearly as is possible, to a given stand- 
ard. As it is now, nearly every filter has its own form of report, 
some of them being rather too full and some are not explicit 
enough. The torm of the reports would necessarily have to be 
changed from time to time. Only a few years ago very little 
attention was paid to the sterilization of water that had been 


* See page 394. 
7 Superintendent of Filtration, Montclair Water Company, Little Falls, N. J. 
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filtered; the question of the pollution by bacteria was almost a 
sealed book at that time, while at present daily analyses of their 
number are made at many plants, and we can even detect whether 
the typhoid bacilli are present or not. The subject of free car- 
bonic acid and the other properties that cause ‘“ red water,’’ — 
they have assumed a very important position in some of our east- 
ern supplies. We can, therefore, see how important it is to have 
a standard form of report, not only to enable us to secure data 
relative to the operation of the various plants as conducted in the 
past, but to enable us to more readily secure additional informa- 
tion along such lines as may develop in the future. 

Mr. GeorcE A. Stacy. I want to know if that simply in- 
cludes water filtration. I think it should go further and include 
sewage filtration, so that the comparison could be more easily 
made if it is desirable. It seems to me that sewage filtration is 
coming to the front very fast in this country, and the standardiza- 
tion of reports and statistics would enable them to be compared 
one with the other. 

Mr. ALLEN Hazen. I think it is ceriainly as important in the 
case of sewage as it is with water. But this is a water-works 
organization, and it should be our endeavor to keep the sewage 
and the water as far apart as we can. 

Mr. Stacy. I find that we would like to keep them as far 
apart as we can, but in spite of everything they are coming to- 
gether and we have got to butt up against the whole question. 

The motion was carried. 

The President subsequently appointed the following committee: 
Prof. G. C. Whipple, Messrs. F. W. Green, E. E. Lockridge, 
F. D. West, and R. S. Weston. ; 


EVENING SESSION. 


The Secretary read the following list of applications for member- 
ship. 


Active: John Hoffman Dunlap, Iowa City, Ia.; F. M. Griswold, 
New York City; Daniel A. McCrudden, Philadelphia, Pa.; D. 
C. Randall, Tupper Lake, N. Y.; Robert Robertson, Beverly, 
Mass.; Patrick Gear, Holyoke, Mass.; Francis D. West, Phila- 
delphia, Pa. 
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_aerem 8S. E. T. Valve and Hydrant Company, New York 
ity. 


. The applications were all properly endorsed and recommended 
by the Executive Committee, and on motion the Secretary cast a 
ballot in favor of the applicants. 

Mr. Walter E. Spear, department engineer, Board of Water 
Supply, New York City, gave an illustrated paper on “ The City 
Tunnel and Conduits of the Catskill Aqueduct.” At the con- 
clusion of his paper Mr. Spear called upon Mr. Lazarus White, 
in charge of the southerly half of the tunnel as division engineer, 
who gave some details in connection with the work. At the 
request of the President, Mr. Trautwine then showed some slides 
illustrating water hammer, and after a vote of thinks to the com- 
mittee on arrangements for the excellent entertainment which they 
had furnished, the Convention adjourned. 
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EXECUTIVE COMMITTEE. 


PHILADELPHIA, Pa., September 10, 1913. 


Meeting of the Executive Committee of the New England 
Water Works Association at Hotel Walton, at 10 a.m., Thursday, 
September 10, 1913. 

Present, President J. Waldo Smith, and members William F. — 
Sullivan, George A. Stacy, James L. Tighe, James W. Blackmer, 
Willard Kent, Lewis M. Bancroft, and George A. King. 

Twenty applications for membership were received, viz.: 


For members: D. C. Shull, superintendent Apollo Water 
’ Works Company, Apollo, Pa.; Walter P. Schwabe, general mana- 
ger Northern Connecticut Light and Power Company, Wind- 
sor Locks, Conn.; N. W. Akimoff, hydraulic engineer, Philadel- 
phia, Pa.; William J. Turnbull, engineer Mass. State Farm, 
State Farm, Mass.; Gen. Eugene B. Kontkovski, consulting 
engineer, General Corps of Engineers, St. Petersburg, Russia; 
M. B. Litch, superintendent and chemist Steelton Filtration 
Plant, Steelton, Pa.; Arthur N. Burnie, assistant superintendent 
Biddeford and Saco Water Company, Biddeford, Me.; E. W. 
Sylvester, superintendent public works, Poughkeepsie, N. Y.; 
Lazarus White, division engineer, Board of Water Supply of the 
City of New York; Weston E. Fuller, of firm of Hazen & Whipple, 
New York City; Frederick E. Tupper, commissioner public 
works, Quincy, Mass.; Jacob L. Langthorn, division engineer, 
Board of Water Supply of the City of New York; Wilbur Thomas 
Wilson, assistant engineer (designer) and assistant superintendent 
Board of Water Supply of the City of New York; 


For associates: Joseph Dixon Crucible Company, Jersey City, 
N. J.; Simplex Valve and Meter Company, Philadelphia, Pa.; 
Electro Bleaching Gas Company, New York; James Boyd & 
Bro., Inc., Philadelphia, Pa.; American Bitumastic Enamels 
Company, New York City, N. Y.; Buffalo Meter Company, 
Buffalo, N. Y.; The Leadite Company, Philadelphia, Pa; 


and the applicants were by unanimous vote recommended for 
admission in their respective grades. 
Adjourned. 


WittarpD Kent, Secretary. 
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PHILADELPHIA, Pa., September 11, 1913. 


Meeting of the Executive Committee of the New England Water 
Works Association at Hotel Walton, at 8.30 p.m., Thursday, 
September 11, 1913. 

Present, J. Waldo Smith, President, and members William F- 
Sullivan, George A. Stacy, James L. Tighe, James W. Blackmer, 
Willard Kent, Lewis M. Bancroft, and George A. King. 

Eight applications for membership were received, namely, 


For members: F. M. Griswold, general inspector, Home In- 
surance Company, 56 Cedar Street, New York City, N. Y.; Robert 
Robertson, chairman Water Commissioners, 83 Lovett Street, 
Beverly, Mass.; Patrick Gear, superintendent Water Department, 
42 Commercial] Street, Holyoke, Mass.; Francis D. West, chemist 
in charge Torresdale Laboratory, Philadelphia Bureau of Water, 
Torresdale, Pa.; Dan A. McCrudden, 5931 Pulaski Avenue, 
Philadelphia, Pa.; D. C. Randall, superintendent Tupper Lake 
Water Company, Tupper Lake, N. Y.; John Hoffman Dunlap, 
professor hydraulics and sanitary engineering, State University 
of Iowa, Iowa City, Ia.; 

For associate: S. E. T. Valve and Hydrant Company, New 
York City, N. Y.; 


and they were by unanimous vote approved for membership in 
their respective grades. 
Adjourned. 
Kent, Secretary. 
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MEMBERSHIP. 


ADDITIONS. 
(May 1 to December 1, 1913.) 


MEMBERS. 


N. W. Akimoff 
Hydraulic Engineer, 1013 Harrison Building, Philadelphia, Pa. 
Arthur N. Burnie 
Assistant Superintendent Water Company, Biddeford, Me. 
John H. Dunlap 
Assistant Professor of Hydraulics and Sanitary Engineering, 311 Brown Street, Iowa City, 
Ia. 
Joseph W. Ellms 
Superintendent Cincinnati Filter Plant, 2807 Union Central Bldg., Cincinnati, Ohio. 
Weston E. Fuller 
Consulting Engineer, 30 East 42d Street, New York. 
Patrick Gear 
Superintendent Water Works, 42 Commercial Street, Holyoke, Mass. 
F. M. Griswold 


Fire Protection E: r, General Inspector Home Insurance Company, 56 Cedar Street, 
New York, N. 


George H. Hazlehurst 
Sanitary Engineer, Atlantic Coast Line Railroad Company, Wilmington, N. C. 
Gen. Eugene B. Kontkovski 
Cogeaiing Engineer, General Corps of Engineers, 14 Erteleff Street, St. Petersburg, 
ussia. 


Jacob S. Langthorn 
Dike» ineer, Board of Water Supply, New York City, 250 West 54th Street, New 
ork, 


M. B. Litch 
Superintendent and Chemist Steelton Filtration Plant, Steelton, Pa. 
Edmund J. Lonergan 
574 Salem Street, Malden, Mass. 
Moses J. Look 
General Superintendent, Winston & Co., Brown’s Station, N. Y. 
D. C. Randall 
Treasurer and Superintendent Tupper Lake Water Company, Tupper Lake, N. Y. 
Robert Robertson 
Chairman Water Board, 83 Lovett Street, Beverly, Mass. 
Joseph A. Rourke 
Mechanical Engr., Public Works Dept., City of Boston, 743 Tremont St., Boston, Mass. 
P. A. Shaw 
Civil Engineer, 511 Hand Avenue, Lancaster, Pa. 
Walter P. Schwabe 


General Ma r, Northern Connecticut Light and Power Company, 15 Central Street, 
Thompsonville, Conn. 


D. C. Shull 
Superintendent Apollo Water Works Company, Apollo, Pa. 
Frank O. Sinclair 
Civil Engineer, Burlington, Vt. 
Edgar F. Smith 
Assistant Designing ng Engineer, Board of Water Supply, Municipal Building, 22d Floor. 


+ 


E. W. Sylvester 
Superintendent Public Works, Poughkeepsie, N. Y. 
Frederick E. Tupper 
Commissioner of Public Works, Quincy, Mass. 
William J. Turnbull 
Chief Engineer, State Farm, Mass. 
Arthur E. Walradt 
Lawyer, 26 Liberty Street, New York, N. Y. 
H. A. Von Schon 
Consulting Hydraulic Engineer, 603 Wayne County Bank Building, Detroit, Mich. 
Francis D. West 
Chemist in charge Torresdale Laboratory, Bureau of Water, Philadelphia, Pa. 
Lazarus White 
Division Engineer, Board of Water Supply, 250 West 54th Street, New York, N. Y. 
Wilbur T. Wilson 
520 West 122d Street, New York, N. Y. 


Fred J. Wise 
Superintendent Water Works, Pittsfield, Mass. 


ASSOCIATES. 


American Bitumastic Enamels Company 
109 Broad Street, New York, N. Y. 
James Boyd & Bro., Inc. 
25th and Wharton streets, Philadelphia, Pa. 
Buffalo Meter Company 
290 Terrace, Buffalo, N. Y. 
Joseph Dixon Crucible Company 
Jersey City, N. J. ele 
Electro Bleaching Gas Company 
25 Madison Avenue, New York, N. Y. . 
The Leadite Company 
Land Title Building, Philadelphia, Pa. 
8. E. T. Valve and Hydrant Company 
50 Church Street, New York, N. Y. ie 
Simplex Valve and Meter Company ae. 
208 Chancellor Street, Philadelphia, Pa. 


CHANGES OF ADDRESS. 
MEMBERS, 


George M. Bacon 
714 Newhouse]Building, Salt Lake City, Utah. 
T. Howard Barnes 
321 St. Charles Street, New Orleans, La. 
William T. Barnes 
Of Metcalf & Eddy, 1824 Harris Trust Building, Chicago, IIl. 
Edwin C. Brooks 
353 Grove Street, Melrose, Mass. 
D. McD. Campbell 
Room 2, Davidson Building, Halifax, N. S. 
Sidney K. Clapp 
Board of Water Supply, Ashokan, Ulster County, N. Y. 
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W. Donaldson 
The Birmingham Water Works Company, 2114 First Avenue, Birmingham, Ala. 
Loring N. Farnum 
Care General Petroleum Company, San Francisco, Cal. 


Halsey French 
Aagtent Engineer, Board of Water Supply, Municipal Building, 22d Floor, New York, 


Richard H. Gould 
Sanitary Engineer, Hillcrest, Poughkeepsie, N. Y. 
Lyman P. Hapgood 
Superintendent Water Works, Box 253, Jamestown, N. Y. 
Robert J. Harding 
Consulting Engineer, San Antonio Water Supply Company, San Antonio, Tex. 
Herman K. Higgins 
Care Chief Engineer, Culebra, Canal Zone. 
Harry P. Letton 
Sanitary. Engineer, alt States Public Health Service, 1315 Clifton Street, N. W., 
Washington, D 
Thaddeus Merriman 
Anish oD Chief Engineer, Board of Water Supply, Municipal Building, 22d Floor, New 
ork, N. 
James N ewlands 
Theodore Norcross 
United States Department of Agriculture, Forest Service, Washington, D. C. 
Raymond W. Parlin 
Hydraulic and Sanitary Engineer, 46 Keystone Building, Kittanning, Pa. 
Burton G. Philbrick 
16 Ocean Avenue, Salem, Mass. 
F. H. Robbins 
Board of Water Supply, Municipal Building, 22d Floor, New York, N. Y. 
Jas. F. Sanborn 
700 W. 181st Street, New York, N. Y. 
Charles W. Sherman 
Oh et & Eddy, 14 Beacon Street, Boston, Mass. Member Water Board, Belmont, 
ass. 


J. Waldo Smith 
Chief Engineer, Board of Water Supply, pe Building, 22d Floor, New York, N. Y. 
Sidney Smith 
76 White Street, Boston, Mass. 
George A. Soper 
391 West End Avenue, New York, N. Y. 
Ralph E. Tarbett 
Sanitary Engineer, United States Public Health Service, Marine Hospital, 3d and Kil- 
gour streets, Cincinnati, Ohio, 
Lucian A. Taylor 
Consulting Engineer and Contractor, 8 Dean Street, Worcester, Mass. 
I. M. de Varona 
Ot eee, Tpertaant Water Supply, Gas, and Electricity, 420 West 148th Street, 
Thomas H. Wiggin 
Municipal Building, 22d Floor, New York, N. Y. 
Leonard P. Wood 
Board of Water Supply, Municipal Building, 22d Floor, New York, N. Y. 


Thomas D. Bausher 


ASSOCIATES, 


Church and Woodward streets, Reading, Pa. 


Arthur L. Adams, 

J. C. Hammond, Jr., 
Horace G. Holden, 
Herbert P. Horton, 
George A. Nelson, 
A. N. Russell, 


DEATHS. 


September 17, 1913. 
Augest 24, 1913. 
December 7, 1913. 
July 2, 1913. 

June 3, 1913. 

July 31, 1913. 


New England Water Works Association 


STANDARD SPECIFICATIONS 


FOR 


Cast Iron Pipe 


AND 


Special Castings 


Price 10 Cents 


Address, WILLARD HENT, Secretary 
715 Tremont Temple 
BOSTON, MASS. 
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ADVERTISEMENTS. 


Water Meters 


FOR ALL WATER WORKS SERVICE 


All Sizes, 5-8 to 6O inches 


CROWN 
EMPIRE | 
NASH 
GEM 
PREMIER 


With the only reliable straight- 
reading register in the market 


National Meter Company 
84-86 CHAMBERS STREET 
NEW YORK CITY 


BOSTON CHICAGO PITTSBURG LOS ANGELES 


159 Franklin St. 1223 Wabash Ave. 4 Smithfield St. 411So. Main St, 
CINEINNATI SAN FRANCISCO 


_ 10 West Third St. 681 Market St. 
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ADVERTISEMENTS. 


GAS ENGINE and 
TRIPLEX PUMP 


= 


Town and Village Water 
Works ¥ ¥ ¥ and Pump 
ing Service Generally 


CAN BE ADAPTED FOR 
EITHER GAS OR GASOLENE 


National Meter Company 
84-86 CHAMBERS STREET, NEW YORK 


BOSTON: 159 Franklin Street CHICAGO: 1223 Wabash Ave. 
PITTSBURG: 4 Smithfield Street SAN FRANCISCO: 681 Market Street 
CINCINNATI: 10 West Third Street LOS ANGELES: 411 South Main Street 
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iv ADVERTISEMENTS. 


STOP WHOLESALE LOSS 


USE THE HERSEY DETECTOR-METER 


On Fire and Manufacturing Services 
THIS IS THE ONLY METER 
Endorsed by Water Departments and Underwriters. 


Because it registers all large flows. 
Because it registers all small flows. 
Because it does not obstruct the flow. 


HERSEY MFG. COMPANY 
Main Office and Works: South Boston, Mass. 


BOSTON, MASS., 714 Tremont Temple. COLUMBUS, O., 211 Schultz Bldg. 
PHILADELPHIA, “The Bourse.” BUFFALO, N. Y., 806 White Bldg. 

CHICAGO, ILL., 10 So. La Salle Street. ATLANTA, GA., 3d Nat. Bank Bldg. 
SAN FRANCISCO, 461 Market Street. LOS ANGELES, Union League Bldg. 


NEW YORK CITY, 174 Fulton St. 


§00,000 SOLD 
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ACCURACY, LONG LIFE, 
Avoidance of Repairs 


Are the Requisites of the Perfect Water Meter and 
are the Principal Features of the 


LAMBERT.” 


Our unbreakable disk-piston, reinforced with an internal steel 
plate, can be found only in the LAMBERT METER. 

The growing popularity of the water-meter system is attributed 
by many to the inherent excellence of the ** LAMBERT ” meter. 
Where ** LAMBERT” meters are selected, success is assured. 


THOMSON METER CO. 
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Assembling Simplicity of Trident Construction 


The above cut showsa Trident-Disk Meter dismantled and the extreme ease with which it can be 
assembled, by first putting in the gear train, then the disk-chamber, the frost bottom next, then the 
register and register box and the meter is complete. The Trident combination wrench is the only 
tool necessary to use, 


NEPTUNE METER COMPANY 


90 WEST STREET NEW YORK 


CHICAGO, BOSTON. SANFRANCISCO, 
ATLANTA, LOSANGELES, PORTLAND, SEATTLE 
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““KEYSTONE”’ 


Keystone and Eureka 
WATER METERS 


are made better than actual service seems to 
require,— for accuracy of registration, dura- 
bility, and low cost of maintenance. 

Our. unexcelled facilities insure prompt 
shipment of large as well as small orders. 


Try us. 


Pittsburgh Meter Company 


Also manufacturers of Cast-Iron and Tin Gas Meters; Positive 
and Proportional Gas Meters for any pressure; and Meter Provers. 


General Office and Works: East Pittsburgh, Pa. 


New York Chicago Kansas City Columbia, S. C. 
149 Broadway 337 W. Madison St. 6 W.10th St. 1230 Washington St. 
Seattle 
115 Prefontaine Place 


““EUREKA”’ 
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WORTHINGION METERS 


The Worthington Duplex Piston 
Meter is particularly adapted to large 
and heavy water works services. 


The Worthington Disc Meter 

combines minimum weight “with re- 

liability on constant service and 
accuracy of registration. 


The Weithintion Turbine Meter 
is designed primarily to handle large volumes of 
water with minimum loss of pressure. 


Full descriptions of the different types of Worthington Meters, with tables of 
sizes and capacities, are given in Bulletin W184-54. 


“HINGTON 


York | 15 Broadway 


Boston Office: 463 John Hancock Building 
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PORTABLE 
TESTING METERS 


quickly pay for themselves by 
showing loss of registration 
in old, worn meters. Every 
water works should have 
one of them. 

Our meters for general 
service are also built with 
care and precision. 

Write us. 


BUFFALO METER CO. 
200 TERRACE 
BUPFALO, N.Y. 


ESTABLISHED 1892 


Distributers for New England 


GEO. E. GILCHRIST CO. 


106 HIGH STREET 
BOSTON, MASS. 
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UNION ROTARY, COLUMBIA, DISC 
and NILO (velocity) WATER METERS 


Water Pressure Regulators 
Waste Stops and Corporations 


UNION WATER METER COMPANY 
WORCESTER, MASSACHUSETTS 


STOP THE UNDERGROUND WASTE OF WATER! 


It is now known that UNDERGROUND leakage may be enormous. The 
PITOMETER is the most efficient Waste Meter known. Adopted by New York 
City, Washington, D. C., Chicago, St. Louis, Indianapolis, Pittsburgh, Memphis, etc. 


PRISM 

PHOTO. RECORDERS 
MANUAL RECORDERS 
PUMP. SLIP INDICATORS 
STREET CONNECTIONS 


TheCity of Washington 
D. C., has found and 
stopped underground 
leakage amounting to 
over 30,000,000 gallons 
daily with our Pitom- 
eter. A saving worth 
$5,000,000 to the city. 


THE PITOMETER COMPANY, 


The Pitometer is port- 
able and will accurately 
indicate or record the 
flow of water in a pipe of 
any size, under any 
pressure, without cut- 
ting the main. Only a 
one-inch tap is needed. 


We make water waste 
surveys for cities, or we 
sell or rent our instru- 
ments and help you to 
organize a Pitometer 
department of your own. 


Write for 
Information 


220 Broadway, New York 
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BUILDERS IRON FOUNDRY 


PROVIDENCE, R. I. 


GLOBE SPECIAL CASTINGS 


Regular sizes stocked. Odd pieces promptly 
made. 


NEW LONG SPLIT SLEEVES 


Of ample length, with Heavy Flanges, Finished 
Joints, Large Bolts, and plenty of them. You 
should have on hand one for each size pipe you 
have in use. 


N. E. for 
THE “WABASH” METER BOX 


This box combines the valuable features of 
other boxes, and eliminates their faults. It 
also contains several new features which we 
believe you will find it profitable to investigate. 


CHADBOURNE AND STACY 
SERVICE BOXES 
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THIS IS THE FAMOUS 


I3LACK SQUADRON 


METALLIC 


PACKING 


That is al exclusively in so many of the 
largest and most up-to-date water-works 
pumping stations throughout the world. 

Send for free samples of high-pressure, 
low-pressure and semi-metallic. Also send 
for sample of Cancos Metal Polish. 


CANCOS, MANUFACTURING Co, 
PHILADELPHIA, PA. 
Branch Office: 102 HIGH STREET, BOSTON, MASS. 


You Should Use 
“CLARK METER 


BOXES ” 
“TEKSAGON” METER 
COUPLINGS 


AND OTHER WATER WORKS AP- 
PLIANCES OF OUR MANUFACTURE. 
They Save Money 
H. W. CLARK CO. 


WILLIAM R. CONARD 


Assoc. Amer. Soc, C. E. Assoc. Mem. Amer. Soc. M. E. 
322 High St., Burlington, N. J. 
Inspections and Tests of Materials 
SOUTHERN OFFICE 


Maison Blanche Bldg., New Orleans, La. 
R. C. HUSTON, C.E., Special Representative 


Fred A. Houdlette & Son, Inc. 


CAST-IRON WATER PIPE 


Flanged Pipe and Fittings 
Structural Steel and Wrought-Iron Work 
Cast-Iron Manhole Frames and Covers 


Oftice, 93 Broad Street Boston, Mass. 
Yard and Warehouse, Medford, Mass. 


110 So. 17th St., Mattoon, fll., U.S.A. 


Dixon’s Waterproof 
GRAPHITE GREASE 


For the lubrication of hydrants, gates, etc. 
Send for free sample 


JOSEPH DIXON CRUCIBLE CO. 
JERSEY CITY, N. J. 


C. D. Kirkpatrick S. P. Gates 


Established 1878 
B. F. SMITH & CO. 
Incorporated 
Artesian and Driven Wells, Foundation Borings 
Engineers and Contractors for Muni- 
cipal and Private Water Works 
First National Bank Building 
60 Federal Street Boston, Mass, 
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Payne’s “NEW ECLIPSE” 
Tapping Machines 


Do the best work, because they have 


Few Working Parts 
Compact 

Simple in Construction 
Light in Weight 


We can prove these facts by sending a 
machine to you on thirty days’ trial. 


Long Main-End Corporation Cocks can be used 


High-Grade Water 
Works Brass Goods 


to suit every requirement 


SYD 40 WHOILIIS 


Experience of hundreds of water companies has proven that 
original “ HAYS-ERIE.” SERVICE BOXES give the 
best satisfaction 


Ask for Samples and Prices 


Hays Manufacturing Co. — Erie, Penna. 
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No Water Works Company 
should be without this 
TAPPING MACHINE 


MUELLER Water 
Tapping Machines 
have a well estab. 
lished reputation for 
giving perfect service 
for many years. A 
great number of ma. 
chines are still in use 
that were bought 25 
or 30 years ago. 


One man writes us, 
‘¢‘My machine, which 
is 30 years old, is 
still giving excellent 
service, and has cost 
me less than an aver- 
age of 35 cents per 
year for repairs.” 


This is only one 
example of the hun- 
dreds of indorsements 
we receive. 


90% of the Tap- 
ping Machines used 
in the U. S. bear the 
MUELLER trade 
mark. 


(Patented) ¢ 
MUELLER No. 2 MACHINE 


The above illustration shows our No. 2 Machine, which makes taps 
and inserts Corporation Cocks from 3/8’ to 1” with main under pressure. 
This machine is our leader. Three other patterns are also offered. 


H. MUELLER MFC. CO. - - DECATUR: 


NEW YORK CITY CHICAGO SAN FRANCISCO SARNIA, ONT. 
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We make Pressure Regulating Valves 
| 7 WATER for all purposes, steam or water. 


| REGULATORS | out of your boiler. 


We can interest you if you use a condenser, 
ENGINES 


Water Engines for Pumping Organs 
THE Ross VALVE MFG. Co. 


TROY, Ask your organ builder for 


it or write us. 


NORWOOD ENCINEERING CO. 
FLORENCE, MASS. 


“IMPROVED” WALKER FIRE HYDRANTS 


acso tHe OLD RELIABLE LICENSED MANUFACTURERS OF 


“Holyoke” Gate Hydrant The Vivian Rate Controller 


WRITE FOR CIRCULARS 


CAST IRON PIPE 


FOR WATER AND GAS 
CHAS. MILLAR @ SON CO., Selling Agents 
Main Office, Utica, N. Y. 
Branch Office * a 176 Federal St., Boston, Mass. 


They set the Pace 


ASHTON POP VALYES 
and... STEAM GAGES 


Superior in Quality of material and workman- 


ship, and with greatest efficiency and durability, No.74. Recording and 
Indicating Gage. 


they challenge comparison with re | others on 
the market. Senda trial order subject to ap- : 

proval ONLY IF SATISFACTORY, and thereby prove the claims made for 
them. HIGH GRADE GOODS OUR EXCLUSIVE SPECIALTY. 


Vale fr The ASHTON VALYE CO., 274 Franklin Street, BOSTON, MASS. 


S. D. M. Je 
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ADVERTISEMENTS, 


400 CHESTNUT STREET, PHILADELPHIA, PA. 


Engineers, Iron Founders and Machinists 
CENTRIFUGAL PUMPS + 
PUMPING ENGINES Iron P Ipe 


CUTTING-IN TEES 


Olid Way 

Connections economically and eas- 
ily made with one fitting. Saves 
sleeve, cuts, lead and unnecessary 
work and material. 


‘Reduced Specials” 


Cost of fittings reduced from 25% 


to 50%. Full strength. Deep bells. 
Convenient to handle. Sold by 
the piece. 


Fire Hydrants 


A half century of use has established tizie reputation as 
being the most economical, durable and simple hydrant, 


Number in use exceeds total of all other 
makes combined. 


Gate Valves 


R. D, WOOD & CO. STANDARD 


DOUBLE DISK 
ANTI-FRICTION 


Our Way 
7 
Gi 
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Mathews 
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LUDLOW VALVE MFG. CO. 


MANUFACTURERS OF 


VALVES and FIRE HYDRANTS 


This hydrant is anti- freezing, because 
when the drainage is good no water is left 
in it to freeze. 


The drip is directly in the bottom of the 
hydrant and drains perfectly. It is protected 
by its valve, which never leaves its socket 
and cannot be clogged. 


VALVES, HYDRANTS. 
ALSO CHECK 
VALVES, YARD, WASH, 
FOOT AND FLUSH 
VALVES. HYDRANTS. 


i SEND FOR CIRCULARS. 
OFFICE AND WORKS: FOOT OF ADAMS STREET, TROY, N. Y. 


8. D. M. J. 


STANDARD GAST IRON PIPE & FOUNDRY CO, 


BRISTOL, PA. 
CAST IRON PIPE AND SPECIAL CASTINGS 


GENERAL FOUNDRY AND MACHINE WORK 


PLANT LOCATED ON DELAWARE RIVER 


Most Modern and Best Equipped Shipments made Either 
Cast Iron Pipe Plant in America by Water or Rail 
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THE CHAPMAN 


Valve Manufacturing Co. 


General Office and 
Works ¥ ¥ 


Indian Orchard 
Massachusetts 


Manufacturers of 


Valves and Gates 


for all purposes Also 


Gate Fire hydrants 


HOUSES 


BOSTON, MASS. 
141 High St. 


NEW YORK CITY 
138 Center St. 


PHILADELPHIA 
1011 Filbert St. 


CHICAGO 
14-16 No. Franklin St. 


PITTSBURG 
Ed. M. Moore & Co. 
914 Farmers Bank Bldg. 


sT. LOUIS, MO. 
Middagh-Collins Co. 
8th St. and Clark Ave. 


SAN FRAN., CAL. 
C. C. Moore & Co, 


BUFFALO, N. Y. 
W.A. Case & Sons Mfg. Co. 


BIRMINGHAM, ALA. 
438 Brown-Merx Bldg. 


DENVER, COLO. 
M. J. O'Fallon Supply Co. 


SYRACUSE, N. Y. 
309 OCS Bank Bldg. 
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im The “COREY” 
FIRE HYDRANT ¢ 


MODERN 


SUCCESSFUL SUPERIOR 


=» RENSSELAER VALVES » 
WATER, STEAM, GAS, ETc, 


ELECTRICALLY OPERATED VALVES 
Check Valves Air Valves fms 
Indicator Posts Valve Boxes 


CATALOGUE UPON APPLICATION 


"RENSSELAER VALVE Troy, 


YORK, 180 B PITTSBURG, 1102 House Bldg. 
CHICAGO. 108-9 Monadnock Block 


Warren Foundry »° Machine CO. Established 1856 


Works at Philipsburg, New Jersey. 
Sales Office, 111 ‘Broadway, New York. 


Cast Iron Water From 3 to 60 inches 
and Gas | E in diameter. 


———ALSo 


ALL SIZES. OF FLANGED PIPE 
SPECIAL CASTINGS. 
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GRAVITY ano PR ESSURE 


FILTERS 


HYPOCHLORITE STERILIZING APPARATUS 


THE NEW YoRK GONTINENTAL JEWELL FILTRATION Go, 


15 BROAD STREET NEW YORK 
111 MONROE STREET CHICAGO 


OWNERS OF THE NEGATIVE HEAD FILTER PATENTS 


4 PITTSBURGH FILTER MFG. CO. 


Licensees : NORWOOD ENGINEERING CO. 
ROBERTS FILTER MFG. CO. 


ENOUGH WATER? 
If not, it is probably because of lack of carrying capacity of 


your mains. Consult us. 
Illustrated booklet upon request 


NATIONAL WATER MAIN CLEANING CO. 
61 Park Row New York City 
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WESTERN OFFICE: EASTERN OFFICE: . 
MONADNOCK BLDG. 220 BROADWAY 
CHICAGO, ILL. NEW YORK CITY 


FOR WATER AND CAS 


McWane Works 


MAIN OFFICE: LYNCHBURC, VA. 


FOUNDRIES: 
LYNCHBURC, VA. RADFORD, VA. 


EMAUS PIPE FOUNDRY, 
DONALDSON IRON CO., 


MANUFACTURERS 
OF 


\ 


IRON |@ 


«AND .. 


Special Castings for Water and Gas. 
Also Flange Pipe, Lamp Posts, Street Castings, 
Manhole Heads and Covers, etc. 


EMAUS, 


Vice-President and Superintendent. LEHIGH COUNTY, PA. 


34 
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xxii ADVERTISEMENTS. 


CAST IRON PIPE 


ALL REGULAR SIZEs, 3 INCHES TO 84 INCHES 


For WATER, GAS, SEWERS, DRAINS, Etc. 


SEND FOR STANDARD SPECIFICATIONS 


RAILROAD AND TURNPIKE CULVERTS 
FLANGE PirE AND FLANGE FITTINGS 


HEAVY CASTINGS | 


AND THOSE MADE FROM ORIGINAL DESIGNS 


SALES OFFICES 


United States Cast Iron Pipe and Foundry Company | 


71 Broadway, New York City. 

1421 Chestnut Street, Philadelphia, Pa. 
Henry W. Oliver Building, Pittsburgh, Pa. 
122 South Michigan Boulevard, Chicago, III. 
520 Security Building, St. Louis, Mo. 
Chamberlain Building, Chattanooga, Tenn. 
799 Monadnock Building, San Francisco, Cal. 
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THE A. P, SMITH MANUFACTURING CO, 


EAST ORANGE, N. J. 
Manufacturers of 
Tapping [lachines, Fire Hydrants, Water Gates, 
Economic Lead Furnaces, 

Corporation and Curb Cocks, Brass and Aluminum Castings. 
Also General Supplies for Water and Gas Works. 


Write for Catalogue. 


JOHN FOX NICHOLAS ENGEL 


JOHN FOX @ CO. 
IRON 
WATER @ GAS PIPES 
FLANGE PIPE 


Special Castings, Fire Hydrants, Valves 
General Foundry and Machine Work 

253 BROADWAY ~ - NEW YORK CITY 
Postal Telegraph Building 


HIGHEST AWARD, GOLD MEDAL, 


ST. LOUIS EXPOSITION, 1904 


Over 100 Water Departments 


LEAD-LINED IRON and TIN-LINED PIPES 


for their service connections 


MANUFACTURED BY 


Lead Lined Iron Pipe Company 


Wakefield Mass. 
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Chadwick-Boston Lead Co. 


162 Congress St., Boston 


Agents for 


The Celebrated ‘‘ULCO”’ 


LEAD WOOL 


(Every Atom Pure Lead) 


For calking pipe joints under the most 
difficult conditions. 


For overhead joints, or in wet places 
where the use of molten lead is not only 
impracticable, but dangerous — LEAD 
WOOL may be employed to advantage. 
It makes perfectly tight joints to withstand 
the highest pressures, yet sufficiently elastic 
to admit of considerable sagging or settling 
of the pipe without causing the joint to 
leak. The difference in this respect, as 
compared with the poured joint, is notable. 


NO FIRE — NO DANGER — NO TROUBLE. 


Lead Pipe, Tin Lined Lead Pipe 
Pure Block Tin Pipe, Solder 
Pig Lead, White Lead 
and Red Lead 
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from (ermany 


Came over without paying duty, too! 


But it had a big duty to perform, so, to avoid the Import Tax, it came in the 
form of-a formula— D. 2. Dampf-Kessel-Mischung is what the Germans call 
it. Translated into boiler talk this means 


"Raus Mit ’Em—Scale 


And that it does “’Raus Mit ’Em” is proved by the fact that in Germany 
and Europe eleven large factories are taxed to their full capacity in supplying 


the enormous demand. 


Perolin German Boiler Compound 


was first introduced in this country two-years ago. 


it certainly has lived up to its home reputation, for the 


Est. E. D. Jordan 
Jordan Bidg., Boston 
EAGLE OIL 
& SUPPLY CO. 
I will cheerfully show 
any skeptic, as I was at 
first, that Perolin does 
the work —I shall con- 
tinue to use it and find it 
cheaper than sal soda. 
Chief Engineer 
Jordan Bldg., Boston 


customers are on our books to- 
day, and they use Pero/in exclu- 
sively. 

And in each instance Fero/in 
went in “on trial,” without re- 
questing a “Jug of Feed Water” 
or a ** Sample of Scale for Chem- 
ical Analysis,” for the source of 
your water supply and the char- 
acter of scale it deposits are 
merely incidental. 

ferolin will increase the effi- 
ciency of your plant and lessen 


the labor of the fireman, by solving the scale problem 
any other known method. 

Write for a copy of ‘It Doesn’t Affect the Water,” which tells all about our 
proposition and the guarantee that we insist upon making. 


EAGLE OIL @ SuPPLY Co. 


During this short period 


names of over 4,000 


McLane Mfg. Co. 
Milford, N. H. 

EAGLE OIL 

& SUPPLY CO. 
Gentlemen: 

We have been 

your boiler compou 
for three months and 
find it will remove scale, 
and we do not observe 
any injury to boiler. 


McLane Mfg. Co. 


at a lower cost than 


BOSTON, MASS. 


SPECIALTY DEPARTMENT 
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Twelve Reasons Why 


YOU SHOULD USE 


Registered U. S. Patent Office 


FOR 
Jointing Water Mains 


DURABILITY. Leadite joints increase in strength with age. 

NO CAULKING. Leadite joints require no caulking, because 
the Leadite adheres to the pipe, making a water-tight bond. 

COMPARATIVE QUANTITIES. One ton of Leadite is 
equivalent to four tons of lead. 

LABOR SAVING. Saves caulking charges and digging of 
large bell-holes, and reduces the cost of trench pumping to 
the minimum. 

COST. Its use saves 50 to 65 per cent. over lead, owing to the 
saving effected in material and labor. 

TOOLS. As no caulking is required, fewer tools are needed. 

TRANSPORTATION. Considerable freight charges are saved 
because Leadite is lighter than lead. 

HAULING. Saves hauling expense on the work because you 
move only one fourth the weight of jointing material. 

FUEL. Saves fuel because you melt only one ton of material 
instead of four, and not as much heat is required either. 

DELIVERY. We can make prompt shipments. 

DAMAGE SUITS. Claims for damages caused by joints blow- 
ing out are prevented because Leadite joints will not blow 
out under any pressure. 

USERS. Progressive water works all over the country use 
Leadite. 


WRITE FOR BOOKLET 


THE LEADITE COMPANY, Inc. 


LAND TITLE BUILDING PHILADELPHIA 
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ADVERTISEMENTS, 


CLASSIFIED DIRECTORY OF ADVERTISEMENTS (Continued). 


FILTERS AND WATER SOFTENING PLANTS. 
New York Continental Jewell Filtration Co........ 
Norwood Engineering Co.. ... 


FURNACES, ETC. 
The P. Smith Mfg Co. 
The Leadite Co. 


GAS ENGINES. 
National 


GATES, VALVES, AND HYDRANTS. 
Ashton Valve Co. 
Chapman Valve M’f’g Co. . 

Eddy Valve Co. 

John Fox & Co... . 
Ludlow Valve Mig Co. . 
Norwood Engineering Co. . 
Rensselaer Valve Co. 

Ross Valve M’f’g Co... . 
The A. P. Smith Mfg Co. : 
R. D. Wood &Co....... 


INSPECTION OF MATERIALS. 


LEAD AND PIPE. 
Chadwick-Boston Lead Co. . 
Lead Lined Iron Pipe Co... 


LEADITE. 


(Index continued on page xrziz.) 


SLUICE GATES, CHECH VALVES, AIR VALVES, 
INDICATOR POSTS, ETC. 


EDDY 


GATE | FIRE 
VALVES HYDRANTS 


Hydraulically and electrically operated valves 
and sluice gates. Valves designed 
for all kinds of service. 


EDDY VALVE COMPANY 
Waterford, N. Y. 


NEW YORK CHICAGO BOSTON SAN FRANCISCO PHILADELPHIA 
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XXViii ADVERTISEMENTS. 


The 


Design and Construction 
of 


Water-Works Systems 
and Novel Features in their 


Management are given 
careful attention by 


THE 
Engineering Record 


It also gives prominence to the 
following departments of a 
Water-Works System: 


DAMS PIPE SYSTEMS 
AQUEDUCTS WATER TOWERS 
PUMPING STATIONS FILTERS 


SAMPLE COPIES FREE 
Subscription Price, $3.00 a Year 


ENGINEERING RECORD 


239 WEST 39TH STREET NEW YORK 


| : 

| 

| 
| 


ADVERTISEMENTS. 


CLASSIFIED DIRECTORY OF ADVERTISEMENTS (Conciuded), 


METERS. 
Buffalo MeterCo. .... 


Builders Iron Foundry 


METER BOXES. 


OIL, GREASE, ETC. 
Jos. Dixon Crucible Co. . . 
Eagle Oil and Supply Co. . 


PACKING. 
Cancos M’f'g Co. . 
Eagle Oil and Supply Co... 
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. 


PAINT. 
Eagle Oil and Supply Co.. 


PIPE JOINTS. 


PRESSURE REGULATORS. 
Hi. Mueller Mfg.Co.. 
Union Water Meter Co... 


PUMPS AND PUMPING ENGINES 
Builders Iron Foundry. . 


TAPPING MACHINES. 
The A. P. Smith M’f’g Co.. 7 


TOOLS AND SUPPLIES. 
H. Mueller Mfg. Co. .... 
A. W. Clark 


The A. P. Smith Co... 


Hays M’f’gCo........ 
The Leadite Co. ...... 


Patronize the 
Advertisers 
in the 
JOURNAL 
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the Hew England Water Works Association 


ia quarterly publication, containing the papers read at the meetings, to~ 
gether with ‘verbatim reports of the discussions. Many of the contribu- 
tipns are’ frém: writers ofthe highest standing in thelr profession. It 
affords a convenient medium for the interchange of information and experi- 
ence bet ween the members; who-are so widely separated as to find frequent 
bewae an impossibility. “Its success has moré than met the expectation 
of iis projectors; there i¢ a large and increasing demand for its issues, and 
every addition to its subseription lists a material aid in extending its field 
‘of usefulness, “ALL MEMBERS OF THE ASSOCIATION RECEIVE THE JOURNAL 
IN PART RETURN FOR THEIR ANNUAL. DUES; to all others the subseription 


attention of dealing In goods used by Water Departments is 
called to the JOURNAL,OF THE New ENGLAND Water Works Asso- 
“OIATION asian advertising 

include’ the'-principal; Water Works ENGINEERS aod 
United ‘The etroulation is S00 
COPIES. 

SBeing filled with original matter of the greatest Interest to Water 
Works officials, tt Is PRESERVED and constanfly REFERRED TO BY 

+7 “THEM, and advertisers are thus more leertain to BEACH BUYERS. than 


any other’ means. 
‘The JourNaL is nat pabliahed a8 means fevenue, advertisements 
inserted to méet the expense of publication. 


RATES. 
uses: one tobe: four insertions Sixty Dollars, 


\Onethalf page, one year, fonr.insertions Forty Dollars. 

: One-fourth pagé, one year, four insertions Twenty-five Dollars. 

}Ome-twelfth page (card), one year,. four tgnertiogs Ten Dollars. 

One-half page, Single insertion > - Twenty Doilars. 
_Onetoarth page, single insertion Fifteen Dollars, 

Of page, 73 x wet, ; 

sample will be sent on 

MASS 
K. HALE,’ 
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